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ALSO  DESCRIBES  90  FEDERAL  TECHNICAL  INFORMATION  CENTERS 


NOW!  Work 
Directly  with 
Government 
Labs and 
Engineering 
Facilities 


"The  Directory  should  be  popular  in 
research  and  business  libraries" 

—Reference  Book  Bulletin 
American  Libraries  Association 


Find  them  easily  in  the  Direc- 
tory of  Federal  Laboratory 
&  Technology  Resources. 

This  valuable  directory  will  guide  you 
to  hundreds  of  Federal  agencies, 
laboratories,  and  engineering  centers 
willing  to  share  their  expertise,  equip- 
ment, facilities,  and  special  services 
to  aid  your  research  and  engineering 
efforts.  Detailed  summaries  of  these 
unique  resources  are  arranged  in  32 
subject-oriented  areas  for  easy  ref- 
erence. Descriptions  of  90  Technical 
Information  Centers  are  included. 

These  centers  offer  information 
services  and  expertise  in  areas  such 
as  fuels,  cold  regions,  concrete,  fish- 
eries, toxicology,  pesticides,  plastics, 
and  much  more. 

The  NAME,  ADDRESS,  PHONE 
NUMBER  OF  A  PERSONAL 
CONTACT  IS  LISTED  FOR  EACH 
RESOURCE! 

Help  is  available  in  32  technical 
areas  including: 

Aeronautics  (31)*  •  Agriculture  & 
Food  (120)  •  Biological  Sciences 
(68)    •  Building  Technology    (20) 

"number  of  summaries 


•  Computer      Technology       (15) 

•  Electrotechnology  (43)  •  Energy 
(77)  •  Engineering  (86)  •  En- 
vironmental Sciences  (67)  •  Man- 
ufacturing   (19)    •  Materials    (61) 

•  Medicine   (112)    •  Nuclear   (128) 

•  Ocean  Sciences  &  Technology 
(36)    •  Physical  Sciences    (110) 

•  Transportation  (14)    •  Plus  others 

Four  handy  indexes  make  it  easy  to 
locate  the  resource  you  need. 

1.  Subject  Term  Index 

Identifies  resources  in  your  technical 
interest  areas. 

2.  State  Index 

Find  all  the  resources  in  your  State. 

3.  Resource  Name  Index 

Look  up  any  resource  by  name  of 
laboratory  or  program. 

4.  Agency  Index 

Lists  resources  by  agency  and  State. 


All  listed  resources  offer  unique  capa- 
bilities (not  readily  duplicated  in  the 
private  sector)  to  encourage  greater 
use  of  Federal  technology. 

To  increase  your  awareness  of  hun- 
dreds of  Federal  Technology  Re- 
sources available  to  work  with  you 
on  your  projects,  order  your  DIREC- 
TORY nowl 

ASK  FOR: 
PB88-100011/AAW 

DIRECTORY  OF  FEDERAL 

LABORATORY  AND 

TECHNOLOGY  RESOURCES 

CALL:   (703)  487-4650 


WRITE: 


Springfield,  VA  22161 


Enclose  check  to  NTIS  for  $36  plus  $3  for  shipping  and  handling  or 
Charge  to:  NTIS  Deposit  Account,  American  Express,  VISA,  or  MasterCard. 
Please  furnish  card  number,  expiration  date,  signature,  and  complete 
mailing  address. 
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Published  monthly  by  the  National  Technical 
Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 


Change  of  address  or  questions  concerning 
subscriptions  should  be  sent  to: 

Subscriptions  Department 

National  Technical  Information  Service 

Springfield,  VA  221 61 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
Tech  Notes  should  be  directed  to: 

Tech  Notes  Editor 

Room  300B  F 

National  Technical  Information  Service 

Springfield,  VA  22161 

(703)  487-4805 


How  to  Use 

Tech 
Notes 


Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or 
route  to   others   in  their  organization 


Sources  of 

Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ordering 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A1 01 066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 
refrigerators,  heat  engines,  thermal 
instrumentation,  and  heat  switches. 
This  work  was  done  by  Emanuel  Tward  of  Caltech 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BW I  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agency  reference 
number 

Source  of  more 
information  about  the 
technology  described  in 
the  fact  sheet 


•Page  number 


Tech  Notes  Title  List  for 
December  1988 


Agriculture  &  Food 

1005  Removing  Endotoxin  from  Cotton  (Licensing 
Opportunity) 

Testing  &  Instrumentation 

1006  Counting  Insects:  The  High-Tech  Way 
Other  Items  of  Interest 

1055     Moisture-Shrinkable  Films  (Licensing  Opportunity) 

Computers 

1007  Helping  Computers  Become  Better  Listeners 

1 008  Networks  of  Executive  Controllers  for  Automation  — 
Important  issues  for  designers  of  artificial  intelligence 
systems  are  reviewed.  (Licensing  Opportunity) 

1 009  Programmable  Data  Formatter  —  A  system  adapts 
data  in  diverse  formats  for  transmission. 

Software 

1 01 0  Message  Handling  Systems  and  Simple  Mail 
Transfer  Protocol  Gateways  Test  System 

Other  Items  of  Interest 

1014     Consistent  Data  Distribution  Over  Optical  Links  — 
Fiber  optics  combined  with  IDE's  provide  consistent 
data  communication  between  fault-tolerant  comput- 
ers. (Licensing  Opportunity) 

Electrotechnology 

1 01 1  Discrete  Semiconductor  Device  Reliability  DSR-4 

1012  New  Approach  Helps  Predict  Electrical  Insulation 
Failures 

1013  Compact  Ho:YLF  Laser  —  Longitudinal  pumping  by 
laser  diodes  increases  efficiency.  (Licensing 
Opportunity) 

1014  Consistent  Data  Distribution  Over  Optical  Links  — 
Fiber  optics  combined  with  IDE's  provide  consistent 
data  communication  between  fault-tolerant  comput- 
ers. (Licensing  Opportunity) 

1015  Schottky  Diode  with  Surface  Channel  —  Straightfor- 
ward design  changes  improve  performance  and 
simplify  fabrication.  (Licensing  Opportunity) 

1 01 6  Synchronization  Scheme  for  PPM  Communication  — 
Synchronization  is  achieved  even  under  difficult,  low- 
signal  conditions. 

1017  Synchronous  Boxcar  Averager  —  A  periodic 
disturbance  is  rejected.  (Licensing  Opportunity) 

Software 

1018  A  Fortran  Program  Analyzes  Data  from  Microelec- 
tronic Test  Structures 

1019  Distributed  Architecture  for  Phased-Array  Antennas 
—  The  effects  of  failures  and  changes  in  configura- 
tion can  be  simulated. 


Testing  &  Instrumentation 

1020  Interval  Counter  Measures  Stability  of  Frequency  — 
Propagation  of  errors  and  effects  of  dead  time  are 
suppressed.  (Licensing  Opportunity) 

Other  Items  of  Interest 

1 070     Basic  Studies  of  Gases  for  Fast  Switches 

Energy 

Software 

1021  Packaging  Cogeneration  Systems  Result  in  Cost 
and  Energy  Savings 

1022  Beam-Processed,  High-Efficiency  Solar  Cells 

1023  Passive  Solar  Structures  Enhances  with  Phase- 
Change  Materials 

1024  Roof  Research  Center 
Testing  &  Instrumentation 

1 025  Tests  of  Amorphous-Silicon  Photovoltaic  Modules  — 
Progress  in  identification  of  strengths  and  weak- 
nesses of  amorphous-silicon  technology  is  detailed. 

Engineering 

1 026  New  Rig  Drills  Water  Well  Rapidly 

1027  Detect  Underground  Storage  Tank  Leaks  with 
Inventory  Control 

1028  Coding  Ropes  for  Length  and  Speed  Measurements 
—  Ferromagnetic  staples  would  serve  as  markers. 
(Licensing  Opportunity) 

1 029  Continuous-Flow  Centrifugal  Separator  —  Rotational 
speed,  flow,  and  pressure  are  adjusted  to  achieve 
separation. 

1 030  Graphite/Epoxy  Deicing  Heater  —  Heat  is  applied 
close  to  the  surface  to  be  protected.  (Licensing 
Opportunity) 

1 031  Large-Angle  Magnetic  Suspension  —  Two  degrees 
of  angular  freedom  are  provided  within  a  single 
magnetic-suspension  system. 

1 032  Linear-Alignment  Testing  Grips  —  Lateral  move- 
ments of  grips  are  eliminated  for  thin  specimens. 
(Licensing  Opportunity) 

1 033  Nonlinear  Analysis  of  Rotor  Dynamics  —  Progress  is 
made  toward  understanding  rotor  vibrations. 

1 034  Spark  Igniters  Fit  in  Correct  Locations  Only  —  Pins 
create  interference  if  incorrect  assembly  is  at- 
tempted. 

1 035  Stiffening  Rings  for  Rocket-Case  Joints  —  Loss  of 
seal  may  be  preventable. 

Software 

1036  Computer  Programs  Analyze  Structural  Problems 

1037  Grid  Frame  Computer  Program 

1 038  Plane  Truss  Computer  Program 

1 039  Structural  Analysis  Computer  tor  Mine  Design 
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Engineering  (Cont.) 

Testing  &  Instrumentation 

1 040  Improved  Impulse  Programmer  for  Hydraulic 
Simulator 

1 041  Measuring  Flow  by  Holographic  Interferometry  — 
The  flow  field  is  reconstructed  by  computer-aided 
tomography.  (Licensing  Opportunity) 

1 042  Analog  Sensor  of  Large-Amplitude  Displacements  — 
A  noninvasive  device  measures  large  amplitudes 
even  at  low  frequencies. 

1 043  Predicting  Temperatures  in  Ball  Bearings  —  Com- 
puter simulations  speed  design  studies. 

Other  Items  of  Interest 

1 024     Roof  Research  Center 

Environmental  Science  &  Technology 

1 044  Technical  Guidance  for  Groundwater  Monitoring 

1045  Interim  Protocol  for  Measuring  Microbial  Transforma- 
tion Rate  Constants  for  Suspended  Bacterial 
Populations  in  Aquatic  Systems 

1 046  Tracing  Industrial  Emissions  to  Their  Sources 

Manufacturing,  Machinery  &  Tools 

1 047  Streamlining  the  Manufacturing  Data  Preparation 
Process 

1048  Spray  Forming  Produces  Reduced  Piping 

1 049  NASA  Adopts  NASREM  Architecture  for  Space 
Station 

1 050  Tool  Extracts  Smooth,  Fragile  Tubes  —  When  a 
laterally  compressible  tube  is  too  slippery  to  pull,  a 
simple  tool  does  the  job.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

1051  In-Process  Measurement  of  Hydrogen  in  Welding 

1052  M1  Combat  Vehicle  Task  5  Machine  System 
Diagnostics 

1053  Machine  System  Diagnostics 

1054  Automatic  Inspection  During  Machining  —  Machine 
tools  can  inspect  their  work  under  numerical  control. 

Materials 

1055  Moisture-Shrinkable  Films  (Licensing  Opportunity) 

1 056  Studies  of  Premium  Quality  Aluminum  Castings 

1057  Hot  Isostatic  Pressing  of  Titanium  Powder 

1 058  Advanced  Process  for  Fabricating  Optical  Devices 
and  Waveguides,  Especially  LiNb03:Ti 

1059  High  Temperature  Materials  Laboratory 

1 060  Process  for  Wear  Inhibition  of  Artificial  Hips  and 
Knees  by  Ion  Implantation 

1 061  Thin  Films  Made  from  New  Thallium-Based  Super- 
conductors 

1 062  Low  Allow  Steel  Calibration  Standards  Announced 


1063  Automatic  Replenishment  of  Dopant  in  Silicon 
Growth  —  Dopant  is  incorporated  in  feed  pellets  to 
maintain  the  required  concentration. 

1 064  Metal/Ceramic  Bold  Coatings  for  High  Temperatures 
—  Features  include  low  thermal-expansion  mismatch 
and  resistance  to  oxidation. 

1 065  Wear-Resistant,  Thermally  Conductive  Coating  —  A 
new  process  makes  a  coating  with  unusual  proper- 
ties. (Licensing  Opportunity) 

Other  Items  of  Interest 

1 022  Beam-Processed,  High-Efficiency  Solar  Cells 

1 023  Passive  Solar  Structures  Enhances  with  Phase- 
Change  Materials 

Medicine  &  Biology 

1066  Chemical  Hazard  Information  Profile  of  Triphenyl 
Phosphite 

1067  Electron  Microscope  Visualizes  Metastasizing  Tumor 
Cells 

1068  Natural  Flow  Cytometry  and  Sorting  Research 
Resource 

1069  Game  Provides  Cross-Cultural  Training 
Other  Items  of  Interest 

1045     Interim  Protocol  for  Measuring  Microbial  Transforma- 
tion Rate  Constants  for  Suspended  Bacterial 
Populations  in  Aquatic  Systems 

1 060     Process  for  Wear  Inhibition  of  Artificial  Hips  and 
Knees  by  Ion  Implantation 

Physical  Sciences 

1 070  Basic  Studies  of  Gases  for  Fast  Switches 

1 071  Treatment  of  Solvent  Extraction  Solvents  with 
activated  Alumina 

1 072  Two-Pot:  A  Simplified  Process  for  the  Extractive 
Distillation  of  Nitric  Acid 

1073  Database  of  Engineering  Properties  of  Hydrocarbons 

1 074  Unique  Color-Center  Laser  Developed 

1 075  Evaporation  and  Ignition  of  Dense  Fuel  Sprays  —  A 
simple  theoretical  model  make  useful  predictions  of 
trends. 

1 076  Ultrasonic  Determination  of  Recrystallization  —  The 
state  of  recrystallization  is  easily  identified. 

Testing  &  Instrumentation 

1 077  Circular  Dichroism  Detector  for  Chromatographic 
Monitoring  of  Optically  Active  Compounds  Absorbing 
in  the  Vacuum  Ultraviolet  Region 

1078  Atmospheric-Sampling  Glow  Discharge  Ionization 
Source 

1079  Californium-Source-Driven  Subcriticality  Monitor 

Other  Items  of  Interest 

1013     Compact  Ho:YLF  Laser  —  Longitudinal  pumping  by 
laser  diodes  increases  efficiency.  (Licensing 
Opportunity) 
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Transportation  &  Components 

1080  Simulating  Instrument  Helicopter  Takeoffs  and 
Landings  —  Advantages  and  disadvantages  of 
computer-based  simulations  are  reviewed.  (Licens- 
ing Opportunity) 

1 081  Synchronous  Versus  Asynchronous  Flight  Control  — 
Both  types  of  digital  systems  have  been  evaluated  in 
flight  and  on  the  ground.  (Licensing  Opportunity) 


Other  Items  of  Interest 

1 034     Spark  Igniters  Fit  in  Correct  Locations  Only  —  Pins 
create  interference  if  incorrect  assembly  is  at- 
tempted. 
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Agriculture  &  Food 


1005  Removing  Endotoxin  from  Cotton  (Licensing  Opportunity) 
Testing  &  Instrumentation 

1006  Counting  Insects:  The  High-Tech  Way 
Other  Items  of  Interest 

1055    Moisture-Shrinkable  Films  (Licensing  Opportunity) 
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United  States 
Department  of 
Agriculture 


Licensing 
Opportunities 


Research  Technology 

Agricultural  Research  Service 


Removing  Endotoxin  from  Cotton 


Potentially  dangerous  bacterial 
substances  adhering  to  raw  cotton  can  be 
safely  removed  before  processing  by 
treatment  witrrccrtain  solvents. 

These  bacterial  substances — endotox- 
ins— have  been  implicated  as  a  cause  of 
byssinosis,  a  lung  disease  that  can  afflict 
cotton  textile  workers.  The  toxins  are 
found  in  the  cell  walls  of  some  gram- 
negative  bacteria  commonly  found  in 
cotton  fiber  and  plant  parts,  and  have 
been  identified  in  the  atmosphere  of 
textile  mills  processing  cotton  fibers. 

Currently,  filters  are  used  to  keep 
cotton  dust  to  acceptable  levels.  Wash- 
ing at  high  temperatures  and  steaming 
were  used  in  the  past  to  reduce  en- 
dotoxin in  cotton  lint.  Although 
considered  effective,  this  left  cotton  less 
suitable  for  manufacture. 

The  new  method  is  based  on  the 
discovery  that  endotoxin  molecules  can 
be  deactivated  by  de-esterification  of 
certain  long  chain  fatty  acid  groups. 


Three  solvents  can  detoxify  raw 
cotton  or  cotton  dust  containing  en- 
dotoxin: 95  percent  ethyl  alcohol 
containing  sodium  hydroxide  or  hydro- 
chloric acid  or  dimethylsulfoxide.  After 
treatment,  the  solvent  is  extracted  from 
the  cotton  by  filtration,  centrifugation,  or 
other  means. 

For  technical  information,  contact 
Linda  N.  Domelsmith,  USDA-ARS 
Southern  Regional  Research  Center, 
P.O.Box  19687,  Room  1129,  New 
Orleans,  LA  70179.  Patent  Application 
Serial  No.  07/068,497,  "Method for 
Reduction  of  Endotoxin  in  Cotton  Lin:  or 
Dust." 

For  Additional  Information: 

Inquiries  concerning  rights  for  commercial  use  of  this 
invention  should  be  addressed  is 
Office  of  Federal  Patent  Licensing 
Center  for  the  Utilization  of  Federal  Technology 
Room  304,  NT1S 
Springfield,  VA  22161 
(703)  487-4738 
Refer  to  Patent  Application  7/068,497/TN 
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/£SS\    United  States 
Department  of 
Agriculture 


Research  Technology 

Agricultural  Research  Service 


Counting  Insects:  The  High-Tech  Way 


.Deing  the  nearly  blind  creatures  that 
they  are,  bats  locate  an  object — whether 
it  be  a  juicy  insect  to  eat  or  a  cave  wall 
to  avoid — by  sending  out  sound  waves 
and  waiting  for  echoes  to  bounce  back. 
Taking  the  bat's  lead,  an  Agricultural 
Research  Service  scientist  has  invented 
two  devices  that  do  the  same  to  detect 
flying  insect  pests  in  crop  fields. 

The  roll-call  system,  dubbed  "sodar" 
for  sound  detection  and  ranging,  or  a 
second  system  whose  infrared  light 
detects  moths,  can  alert  farmers  that 
moths  are  active,  and  they  should  look 
closer  for  an  onslaught  of  insect  pests  in 
their  crops. 

"Accurate  counts  eliminate  unneces- 
sary pesticide  use,"  says  Don  E. 
Hendricks,  an  entomologist  who  in- 
vented the  high-tech  counters  at  the 
Subtropical  Agriculture  Research 
Laboratory  in  Weslaco,  Texas. 

In  tests  near  corn  and  cotton  fields  in 
south  Texas,  Hendricks  found  that  both 
devices  counted  insects  with  92  percent 
accuracy.  The  kind  of  insect  to  be 
counted  can  be  varied  by  changing 
pheromones.  "The  corn  earworm 
pheromone  does  not  appeal  to  the 
cabbage  looper  or  vice  versa,  so  the 
devices  are  very  selective,"  he  says. 

The  sodar  device  looks  like  a  rocket, 
and  for  good  reason.  A  rudder  orients 
the  device  into  the  wind  and  the  phero- 
mone wafts  downwind.  Male  insects 
pick  up  the  scent  and  follow  it — right  to 
the  echo  receiver.  Each  echo  causes  one 
radio  signal  to  be  sent  to  a  receiver  and 
computer  located  away  from  the  field. 


The  other  device  is  a  basic  cone  trap 
baited  with  a  pheromone  that  has  been 
modified  for  counting.  The  pheromone 
attracts  a  male  and  as  he  realizes  it's  a 
false  alarm  and  that  there's  no  female 
for  mating,  his  instinct  is  to  fly  up — into 
the  wire-mesh  cone.  With  Hendricks' 
modification,  as  the  insect  goes  up, 
instead  of  being  trapped  for  later  visual 
counting,  he  passes  through  an  infrared 
light  beam;  each  interruption  registers 
one  insect.  Again,  a  radio  signal  is  sent 
to  a  receiver. 

Hendricks  drew  up  a  general  outline 
for  a  computer  program  that  tallies 
insects  detected  and  tells  a  farm  manager 
when  a  population  might  be  getting  high 
enough  for  closer  inspection  and  possible 
pesticide  use.  Mark  Pendergast,  a 
computer  specialist  for  General  Motors 
Corporation,  wrote  the  computer 
program. 

Hendricks  designed  the  devices  that 
can  detect  and  count  the  moths  of  several 
major  pests — tobacco  budworm,  corn 
earworm,  cabbage  looper,  fall 
armyworm,  southwestern  corn  borer, 
and  sugarcane  borer. 

"These  systems  could  pay  for  them- 
selves in  a  year  or  two  with  the  money 
saved  in  labor  needed  to  count  insects," 
Hendricks  says. 

The  sodar  unit  is  patented. 


Don  E.  Hendricks  is  in  USDA-ARS 
Subtropical  Cotton  Insects  Research, 
P.O.  Box  267,  Road  1015  South, 
Weslaco,  TX  78596  (512)  565-2647. 
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Helping  Computers  Become  Better  Listeners 


Computers  that  understand  spoken  language  and  can  carry  on  conversations 
with  humans  are  a  science  fiction  staple.     But  in  reality,  comprehending 
and  responding  to  spoken  language  is  a  difficult  process  for  most  computers. 
Human/machine  interactions  still  are  limited  mostly  to  communicating 
through  mechanical  means  such  as  a  keyboard.     Researchers  at  NBS  are 
working  with  other  government  agencies,  industry,  and  universities  to  help 
remove  the  barriers  to  recognizing  and  understanding  continous  speech  and 
spoken  natural  language.      With  researchers  at  Carnegie-Mellon  University, 
the  NBS  group  is  attempting  to  emulate  the  way  humans  recognize  speech 
by  developing  algorithms  and  software  for  phonetically-based  recognition 
cf  speech.     The  NBS  researchers  also  are  developing  test  methods  to  help 
identify  the  strengths  and  weaknesses  of  speech  recognition  systems  and 
determine  whether  a  proposed  system  will  do  the  job — or  compare  systems 
to  see  which  performs  best. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further,  contact 
David  Palleft,  Tech.  Bldg.,  Room  B-240,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20899;  (301)  975-2935. 
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Networks  of  Executive 
Controllers  for  Automation 

Important  issues  for 
designers  of  artificial- 
intelligence  systems 
are  reviewed. 

A  paper  discusses  principal  issues  that 
must  be  resolved  in  development  of  an  au- 
tonomous executive-controller  shell  for  the 
Space  Station.  Such  a  shell  represents  a 
major  increase  in  the  complexity  of  auto- 
mated systems.  Previously,  the  technology 
of  artificial  intelligence  and  expert  systems 
focused  on  separate  functions  like  plan- 
ning, scheduling,  monitoring,  the  diagnosis 
of  faults,  and  simple  feedback  control. 
More-complex  control  tasks,  however,  re- 
quire a  system  that  can  deal  with  many  dif- 
ferent goals,  each  requiring  sequences  of 
tasks  that  change  the  state  of  the  system 
world  in  complex  ways.  This  requires  the 
integration  of  all  the  functions. 

The  system  must  generate  plans  to 
achieve  the  goals,  execute  the  plans, 
sense  the  environment  to  monitor  the  ef- 
fects of  its  actions  on  the  world,  recognize 
obstacles  and  other  problems,  diagnose 
the  causes  of  the  problems,  and  interac- 
tively replan  and  continue  on  toward  the 
goals.  Such  a  system  is  called  an  intelligent 
autonomous  system.  Intelligent  autono- 
mous systems  that  can  interact  with  other 
autonomous  systems  as  well  as  with  the 
external  world  are  called  executive  con- 
trollers. 

The  many  potential  applications  for  ex- 
ecutive controllers  in  the  Space  Station 
program  include  communications,  track- 
ing, life  support,  data-processing  support, 
guidance,  navigation,  control,  power, 
ground  support,  crew  activity,  support 
systems  for  the  crew,  support  of  payloads 
and  experiments,  and  the  control  of  ther- 
mal and  structural  subsystems.  A  demon- 
stration scheduled  for  the  year  1990  will 
focus  on  the  combination  of  these  compo- 


nents into  an  integrated  executive  control- 
ler with  cooperative  sharing  of  data  and 
commands  with  a  second  executive  con- 
troller on  a  peer  level.  Later  demonstra- 
tions will  focus  on  building  full-fledged 
hierarchical  networks  of  executive  control- 
lers, with  lower-level  autonomous  systems 
providing  support  to  complete  space  sys- 
tems and  higher  level  executives  providing 
overall  management  and  guidance. 

One  of  the  first  considerations  to  be 
addressed  in  the  design  of  an  intelligent 
autonomous  system  is  the  degree  of  au- 
tonomy supported.  A  system  that  must  be 
completely  autonomous  presents,  to  the 
designer,  problems  different  from  those 
presented  by  a  system  that  must  interact 
with  a  human  user.  Because  of  the  wide 
range  of  potential  problem  domains  and 
applications,  the  demonstration  project 
can  define  the  degree  of  autonomy  for  a 
given  system  only  on  a  case-by-case  basis. 
Hence,  an  intelligent  autonomous  system 
shell  must  support  a  full  range  of  potential 
degrees  of  autonomy. 

A  problem  in  the  real  world  involves 
three  dimensions  of  complexity:  regional, 
functional,  and  hierarchical.  As  an  exam- 
ple, separate  habitable  modules  on  the 
Space  Station  might  each  have  a  life-sup- 
port executive  (regional),  managed  by  a 
higher-level  life-support  supervisor  (hierar- 
chical), which,  with  other  executives  for 
controlling  power,  thermal,  and  other 
systems  (functional),  is  managed  by  a  top- 
level  supervisor  executive  (also  hierarchi- 
cal). 

Regardless  of  the  dimension  of  complex- 
ity, each  executive  controller  in  a  network 
should  be  as  independent  from  the  others 
as  possible.  This  independence  reduces 
the  load  on  the  underlying  communication 
network  and  simplifies  coordination  of  the 
activities  of  the  various  component  ex- 
ecutives. 

Each  executive  in  a  network  of  execu- 
tive controllers  can  have  a  different  view  of 
the  world,  depending  on  its  particular 
goals.  This  can  result  in  problems  in  shar- 


ing information.  One  executive  may  have 
the  data  for  deducing  the  information  de- 
sired by  a  second  executive  but,  because 
of  differing  world  views,  may  not  have  the 
data  in  a  form  that  the  second  executive 
can  use.  It  may  therefore  be  necessary  to 
augment  each  executive  so  that  it  trans- 
lates information  from  its  own  world  model 
to  those  of  the  executives  that  request  the 
information.  Alternatively,  a  global  model 
may  handle  the  details  of  translation  of  in- 
formation from  the  world  model  of  one  ex- 
ecutive to  the  world  model  of  another. 

While  executing  the  first  part  of  a  plan, 
an  intelligent  autonomous  system  can  be 
simultaneously  monitoring  the  environ- 
ment and  developing  a  later  part  of  the 
same  plan.  To  support  this  capability,  the 
functional  modules  should  be  implement- 
ed as  separate  processes,  running  either 
on  a  single  processor  in  a  multitasking  en- 
vironment or  on  different  processors.  Be- 
cause of  the  high  demand  on  computing 
resources  made  by  functional  modules, 
the  multiple-processor  alternative  seems 
the  most  viable  for  an  operational  execu- 
tive, although  prototype  versions  could  be 
developed  on  a  single  processor. 

This  work  was  done  by  William  K. 
Erickson  of  Ames  Research  Center  and 
Peter  C.  Cheeseman  of  the  Research  In- 
stitute for  Advanced  Computer  Science. 
"Issues  in  the  Design  of  an  Executive 
Controller  Shell  for  Space  Station 
Automation, " 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center   Refer  to 
ARC-11780.  /TN 
Ames    Research    Ctr. 
Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel; 
Darreil  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Programmable  Data  Formatter 

A  system  adapts  data  in  diverse  formats  for  transmission. 
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Definitions: 

DMA:  Direct  Memory  Access 
P/S:     Parallel  to  Serial 
S/P:     Serial  to  Parallel 


A  Microprocessor  Controls  the  Complex  Activities  of  data  formatting,  error  checking,  and  transmission-priority  arbitration.  The  shaded 
blocks  are  specially  designed  interfaces;  other  blocks  represent  standard  commercial  products.  The  system  was  developed  for  formatting 
signals  from  and  to  telemetry  units  on  spacecraft  for  a  widespread  telecommunication  network. 


A  programmable  formatting  system  as- 
sembles digital  data  signals  in  various  for- 
mats into  standard  blocks  for  transmission 
over  switched  telecommunications  cir- 
cuits. With  the  system,  diverse  data  sys- 
tems can  be  connected  over  long  distan- 
ces by  space-  or  land-based  relay  stations. 

The  formatter  can  be  programmed  to 
handle  any  data  block  or  package  format  in 
lengths  up  to  65,000  bits.  Any  type  of  infor- 
mation can  be  transferred,  either  on  sepa- 
rate lines  or  on  multiplexed  lines.  The  for- 
matter can  be  tailored  to  the  requirements 
imposed  by  users  upon  both  equipment 
and  computer  programs.  The  formatter 


can  be  used  to  simulate,  test,  and  control 
data  networks. 

In  its  present  form,  the  formatter  as- 
sembles data  streams  from  two  sources 
into  blocks  and  forwards  them  over  two 
switched  circuits  to  a  control  center.  The 
formatter  also  accepts  blocks  of  com- 
mand data  forwarded  by  the  control  center 
on  the  reverse  side  of  one  of  the  data  cir- 
cuits and  disassembles  the  blocks  of  data 
for  transmission  to  the  data  sources. 

At  present  the  formatter  can  handle  six 
different  data  formats.  A  human  operator 
furnishes  the  configuration  and  header  in- 
formation for  a  format  through  a  menu  dis- 


play. For  each  of  a  total  of  five  formats,  this 
information  can  be  stored  in  an  overlay  file 
on  a  disk  and  recalled  when  desired,  and 
the  formatter  automatically  loads  the  cor- 
rect program  overlay. 

The  formatter  has  been  tested  in  dual- 
channel  operation  at  data  rates  from  9.6 
through  224  kb/s.  Preliminary  testing  has 
been  done  at  a  data  rate  of  more  than 
1  Mb/s  on  one  channel.  Eventually,  the  for- 
matter may  be  able  to  handle  at  least  two 
1.5-Mb/s  channels  simultaneously. 

The  formatter  was  developed  as  a  re- 
placement for  a  multiplicity  of  small  data- 
blocking  systems.  These  microprocessor- 
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based  systems  stored  their  formatting 
programs  in  read-only  memories.  Program 
changes  were  therefore  time  consuming 
and  difficult;  it  was  impossible  to  handle 
many  different  data  formats  and  data 
rates.  Moreover,  each  system  could  format 
data  at  a  maximum  rate  of  only  250  kb/s. 
The  controller  of  the  new  formatting  sys- 
tem is  a  microprocessor  with  a  video  dis- 
play, memory,  and  interface  circuitry  (see 
figure).  The  operator  loads  the  system  soft- 
ware on  8-inch  (20.3-centimeter)  floppy 
disks.  A  line  printer  logs  and  prints  out  the 
command  data,  which  can  also  be  record- 


ed on  a  floppy  disk.  A  timing  generator  pro- 
vides time  tags  for  the  data  blocks  and  the 
commands. 

Direct-memory-access  units  control  the 
input  and  output  channels,  arbitrating  pri- 
orities for  data  transfer.  The  data-input 
channels  are  driven  by  serial-bit  synchro- 
nizers or  parallel-bit  (frame)  synchro- 
nizers —  the  choice  is  made  by  software 
through  custom-made  interface  circuits 
equipped  with  internal  buffers  (first-in/first- 
out  memories).  The  input  data  are  placed 
in  reserved  buffers  in  memory  with  header 
information.  When  a  data  buffer  is  full,  its 


contents  are  presented  to  the  output  chan- 
nels. 

The  command-input  channel  accepts 
formatted  blocks,  storing  a  complete  block 
in  a  reserved  command  buffer.  After  a 
command  block  has  been  checked,  it  is 
forwarded  to  the  data  source. 

This  work  was  done  by  Robert  E.  Martin 
of  Goddard  Space  Right  Center. 
GSC-13104  /77V 
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Message  Handling  Systems  (MHS)  and  Simple 
Mail  Transfer  Protocol  (SMTP)  Gateways  Test 
System 

As  part  of  the  DoD  strategy  for  a  transition  to  Open  Systems  Interconnection 
(OSI)  protocols,  prototypes  of  application  layer  gateways  are  being  implemented. 
To  assist  development  of  the  prototypes,  and  to  evaluate  gateways  during 
procurement,  test  systems  are  being  implemented  to  evaluate   conformance   of 
the  gateways  to  protocols  standards.  The  architecture  is  based  on  OSI 
Conformance  Testing  Methodology,  which  describes  abstract  test  methods  and 
other  issues.  In  the  approach,  an  unusually  formal  specification  of  the  test 
system,  along  with  appropriate  software  tools,  leads  directly  to  the  executable  test 
system.  The  test  system  specification  is  written  in  Estelle  and  A1N.1,  two 
emerging  standards  which  are  used  to  specify  communication  protocols. 

For  Additional  Information: 

For  information  about  ordering  this  software,  contact  the 

NTIS  Federal  Computer  Products  Center,  NTIS,  5285  Port  Royal  Road,  Spring- 
field, VA  22161;  (703)  487-4763. 

Refer  to  PB88-164595/NAC 

Source  tape  is  in  the  ASCII  character  set.  This  restricts  preparation  to 
9  track,  one-half  inch  tape  only.  Identify  recording  mode  by  specifying 
density  only.  Call  NTIS  Computer  Products  if  you  have  questions.  Price 
includes  documentation,  PB88- 164603. 
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Discrete  Semiconductor  Device  Reliability  DSR-4 


Discrete  Semiconductor  Device  Reliability  (DSR-4),  the  latest  RAC 
databook,  is  the  most  comprehensive  collection  of  discrete  semi- 
conductor device  reliability  data  and  information  available  since 
DSR-3  was  published  in   1979.     DSR-4  data,  compiled  over  the  last 
nine  years,  updctes  the  pre- 1978  DSR-3  data.     A  comparison  of 
the  two  data  sets  reveals  the  impact  of  changes  in  technology  and 
production  processes. 

DSR-4  presents  detailed  field  and  test  reliability  data  on  the  gamut 
of  discrete  semiconductor  devices,  liquid  crystal  displays  and  photo- 
voltaic cells.     Organized  in  sections  for  fast  and  easy  retrieval, 
DSR-4  is  compiled  from  military  and  commercial  sources.     Each 
data  record  is  based  upon  a  complete  understanding  of  device  fail- 
ure modes  and  mechanisms  and  details  the  nature  of  the  failure 
by  providing  device  characteristics  and  environmental  and  electrical 
stresses. 

DSR-4  supplements  data  in  MIL-HDBK-217E,  Reliability  Prediction 
of  Electronic  Equipment  and  MIL-STD-701,  List  of  Standard  Semi- 
conductor Devices,  and  provides  new  data  on  state-of-the-art  devices 
not  available  in  MIL-HDBK-217E.     This  data  is  critical  to  design 
trade-off  analyses,  reliability  growth  monitoring  and  life  cycle  cost/ 
warrant  period  analyses. 

In  addition,  failuie  mode  and  mechanism  data  critical  to  analyses 
such  as  Failure  Modes,  Effects,  and  Criticality  Analyses  (FMECAs) 
are  presented  in  tabular  and  graphical  formats. 

For  Reliability  Engineers,  DSR-4  provides  invaluable  information  such 


as: 


How  have  typical  device  failure  rates  changed 
over  the  last   10-15  years? 
What  is  a  typical  diode  failure  rate? 
Does  the  exponential  failure  distribution  suf- 
ficiently describe  discrete  semiconductor 
device  failure  pattern? 

How  do  the  failure  rates  of  two  different  transistor 
types  compare? 


LIQUID   CRYSTAL    DISPLAY   FAILURE   MODE 
DISTRIBUTION" 


FOR  ADDITIONAL  INFORMATION:     Contact,  Kieron  Dey,  Reliability 
Analysis  Center,  PO  Box  4700,  Rome,  NY   13440-8200;  (315)  330-4151. 
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New  Approach  Helps  Predict  Electrical  Insulation 
Failures 


A  new  way  of  measuring  electrical  discharges  should  help  both  electric 
power  and  space  engineers  improve  the  reliability  of  electrical  systems 
by  predicting  failures  in  solid  insulation  such  as  underground  power 
lines.     Using  readily  available  electronic  components,  scientists  in  the 
NBS  Center  for  Electronics  and  Electrical  Engineering  built  a  computer- 
based  device  that  permits  new  measurements  of  properties  of  pulses 
from  discharges.    Engineers  can  use  this  device  to  more  effectively 
identify  and  understand  the  onset  of  insulation  failure.     And  astro- 
nautical  engineers  may  use  the  method  on  board  spacecraft  to  alert 
them  when  insulation  is  likely  to  fail  as  well  as  what  mechanisms  led 
to  failure.    The  data  collected  by  the  NBS  scientists  reveal  unexpected 
properties  of  what  is  called  the  stochastic,  or  random,  nature  of  the 
discharges.     When  a  discharge  occurs  there  is  some  memory  of  it  left 
in  the  system.     When  the  next  pulse  shows  up  on  the  computer  screen, 
it  echoes  the  nature  of  the  previous  pulse.     During  the  research,  the 
NBS  scientists  showed  for  the  first  time  that  there  are  definite  and 
measurable  relationships  among  the  different  pulses  that  appear. 
Understanding  how  much  the  pulse  "remembers"  what  happened  is 
critical,  say  the  scientists.     Without  a  better  appreciation  of  the 
stochastic  nature  of  the  pulses,  previous  researchers  were  unable  to 
reproduce  their  results  and  had  difficulty  in  deciphering  the  shapes 
of  the  sets  of  pulse  heights. 

FOR  ADDITIONAL  INFORMATION:    To  discuss  these  efforts  further, 
contract  Dr.  Richard  J.  Van  Brunt,  Meteorology  Bldg.,  Room  B-344, 
Gaithersburg,  MD  20899;  (301)  975-2425. 
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Compact  Ho:YLF  Laser 

Longitudinal  pumping  by  laser  diodes  increases  efficiency. 


An  improved  holmium:yttrium  lithium 
fluoride  laser  radiates  as  much  as  56  mW 
of  power  at  a  wavelength  of  2.1  urn.  The 
new  Ho:  YLF  laser  is  more  compact  and  ef- 
ficient than  are  older,  more  powerful  devi- 
ces of  this  type. 

The  design  takes  advantage  of  the  effi- 
ciency of  longitudinal  pumping  by  a  com- 
mercially available  array  of  GaAIAs  diode 
lasers  (see  figure).  The  array,  mounted  on  a 
Peltier  cooler  in  a  vacuum,  radiates  up  to 
200  mW  continuously  at  a  wavelength  tun- 
able in  the  range  of  784  to  794  nm. 

The  pump  output  is  collimated  and  fo- 
cused into  the  Ho:YLF  crystal,  which 
measures  0.5  by  0.5  by  1  cm.  The  crystal  is 
sensitized  with  Er  ions  and  Tm  ions,  which 
assist  in  the  efficient  transfer  of  energy 
following  absorption  of  the  pump  radiation 
by  the  Er  ions.  The  crystal  is  cooled  to  a 
temperature  of  77  K  to  reduce  the  lasing 
threshold.  At  this  temperature,  the  Ho:YLF 
absorption  band  around  the  wavelength  of 
800  nm  is  6  nm  wide  and  overlaps  the  1  -nm 
spectral  width  of  the  pump  signal. 

Both  ends  of  the  crystal  are  polished 
flat.  The  pumped  end  is  coated  for  high 
transmittance  at  the  pump  wavelength  and 
high  reflectance  at  the  output  wavelength, 
while  the  output  end  is  antireflection 
coated  for  the  output  wavelength.  A  plano- 
concave resonator  is  formed  by  the  addi- 
tion of  an  output-coupling  mirror  with  a  ra- 
dius of  curvature  of  5  cm  and  a  reflectance 
of  95  percent  at  the  output  wavelength. 

With  the  pump  wavelength  tuned  to  790 
nm  for  maximum  absorption  and  about  176 
mW  of  pump  power  delivered  to  the  Ho: 
YLF  crystal,  about  56  mW  of  output  power 
is  measured  in  the  TEMgomode.  The  lasing 
threshold  input  power  is  7  mW,  and  the 
ratio  of  the  increase  in  output  optical  power 
to  the  increase  in  input  optical  power  is 
0.33,  which  nearly  equals  the  quantum  effi- 
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The  Compact,  Efficient  HorYLF  Laser  is  based  on  recent  successes  in  the  use  of  diode 
lasers  to  pump  other  types  of  solid-state  lasers. 

ciency  of  0.38  for  Ho:YLF  under  the  given 
conditions.  Ignoring  the  power  consumed 
by  the  Peltier  cooler,  the  electrical-to- 
optical  conversion  efficiency  of  the  laser  is 
6.6  percent. 

The  laser  output  is  highly  sensitive  to  the 
alignment  of  the  output-coupling  mirror,  the 
temperature  of  the  crystal,  and  the  pump 
wavelength.  Changes  that  are  likely  to  im- 
prove the  performance  include  the  elimi- 
nation of  the  dewar  window  in  the  laser 
cavity,  more-uniform  cooling  of  the  Ho: 
YLF  crystal,  proper  matching  of  the  modes 
of  the  pump  to  the  laser  cavity,  optimization 
of  the  reflectivity  of  the  output-coupling 
mirror,  and  variations  in  the  concentrations 
of  Ho  and  the  sensitizers. 

This  work  was  done  by  H.  Hemmati  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 
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Consistent  Data  Distribution  Over  Optical  Links 

Fiber  optics  combined  with  IDE's  provide  consistent  data 
communication  between  fault-tolerant  computers. 

A  data-transmission-checking  system 
has  been  designed  to  provide  consistent 
and  reliable  data  communications  for  fault- 
tolerant  and  highly  reliable  computers.  The 
primary  disadvantage  of  previous  methods 
or  algorithms  that  achieve  consistency  of 
data  lies  in  the  reliance  on  other  process- 
ing sites  for  retransmission  of  the  data.  The 
new  technique  performs  a  variant  of  an  al- 
gorithm for  fault-tolerant  computers  and 
uses  fiber  optics  and  independent  decision 
elements  (IDE's)  to  require  fewer  proces- 
sors and  fewer  transmissions  of  mes- 
sages. 

The  function  of  an  IDE  in  a  system  (see 
figure)  is  to  transmit  an  independently 
derived  copy  of  a  message  over  an  optical 
bus.  Another  special  component,  the 
threshold  logic  unit  (TLU),  is  used  to  vote 
the  message  while  it  is  still  in  its  optical 
form.  All  the  components  shown  belong  to 
one  processor. 

First,  processor  P  sends  a  message,  in 
the  form  of  a  stream  of  bits,  to  its  three 
transmitters,  PT1,  PT2,  and  PT3.  The 
stream  is  received  simultaneously  by  the 
three  IDE's.  Each  IDE  decides  whether 
and  when  the  PT  changes  state  (i.e.,  goes 
from  logic  0  to  logic  1,  or  vice  versa).  This 
decision  is  based  on  both  the  level  and  the 
duration  of  the  signal.  For  example,  a 
signal  may  cross  the  threshold  from  the  0 
state  to  qualify  as  a  1  but  not  be  held  long 
enough  to  guarantee  consistent  recogni- 
tion by  all  elements. 

The  three  IDE's  are  isolated  from  each 
other  and  from  the  processor  to  obtain 
three  Independent  interpretations  of  the 
output  of  the  processor.  After  interpreta- 
tion, the  IDE's  transmit  the  data  over  the 
optical  bus  to  which  they  are  attached. 
Each  IDE  associated  with  a  P  uses  the 
same  wavelength.  Each  IDE  is  attached  to 
a  different  optical  bus.  Other  computers  at- 
tached to  this  bus  use  different  wave- 
lengths. 


IDE  =  Independent 

Decision  Element 

TLU  ■  Threshold 
Logic  Unit 

PDE  =  Processor 

Decision  Element 


The  Optical  Data  Bus  provides  for  a  level  of  redundancy  limited  only  by  the  number  of  wave- 
lengths that  the  bus  can  accommodate. 


( 


The  data  are  received  by  a  TLU.  Its  input 
levels  can  be  weighted,  and  its  output  can- 
not fire  unless  the  sum  of  the  three  weight- 
ed inputs  exceeds  a  predetermined  thresh- 
old. Proper  setting  of  the  TLU  enables  it  to 
vote  on  the  optical  stream  of  bits.  The 
stream  of  bits  is  then  interpreted  by  the 
decision  element,  PDE,  of  the  processor. 
Finally,  the  message  is  received  and  used 
by  the  processor. 

The  Interactive  consistency  provided  by 
this  system  guarantees  that  all  participat- 
ing processors  receive  the  same  message 
from  any  single  source.  It  is  a  guarantee  of 
uniform  distribution  of  data  but  not  of  the 
correctness  of  those  data.  This  system 
enables  fault-tolerant  computers  operating 
at  different  levels  of  redundancy  to  com- 


municate with  each  other  over  a  triply 
redundant  bus.  The  level  of  redundancy  is 
limited  only  by  the  maximum  number  of 
wavelengths  that  can  be  active  on  the  bus. 
For  example,  if  10  optical  wavelengths  can 
be  multiplexed  on  a  single  fiber-optic  cable, 
then  a  quad  (4),  a  triplex  (3),  a  dual  (2),  and  a 
simplex  (1)  computer  can  all  communicate 
with  each  other  over  the  bus. 

This  work  was  done  by  Daniel  L. 
Palumbo  of  Langley  Research  Center. 
No  further  documentatbn  is  available. 
LAR-13672/TN 
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Schottky  Diode  With  Surface  Channel 

Straightforward  design  changes  improve  performance  and  simplify  fabrication. 


An  improved  configuration  for  a  Schot- 
tky-barrier  diode  reduces  the  parasitic 
shunt  capacitance.  Schottky-barrier  de- 
vices are  used  as  microwave  mixer  and 
varactor  diodes,  and  shunt  capacitance 
degrades  performance  at  the  typical  oper- 
ating frequencies  above  30  GHz. 

The  new  configuration  avoids  the  need 
for  the  special  skill  and  equipment  required 
to  make  contact-whisker  Schottky-barrier 
diodes,  which  have  low  shunt  capacitance. 


As  in  previous  whiskerless  designs,  the 
contact  whisker  is  replaced  by  an  integral- 
ly-fabricated anode  contact  finger.  How- 
ever, the  new  configuration  eliminates 
some  of  the  difficulties  encountered  in  the 
fabrication  of  prior,  more-complicated 
whiskerless  Schottky  diodes  of  low  shunt 
capacitance. 

The  parasitic  shunt  capacitance  is  re- 
duced by  removing  a  portion  of  the  high- 
dielectric-permeability  and  conductive 


semiconductor  material  from  a  region  ad- 
jacent to  the  anode  contact  finger.  If  not 
removed,  this  material  would  support  con- 
duction and  displacement  currents  be- 
tween the  anode  contact  finger  and  the 
metal/semiconductor  junction,  thereby 
giving  rise  to  a  relatively  high  shunt  capaci- 
tance. 

The  fabrication  process  and  the  config- 
uration of  the  diode  are  shown  in  the  figure. 
The  first  step  is  the  prefabrication  of  an 
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The  Anode  Contact  Finger  forms  a  bridge  over  the  channel  from  which  material  has  been  removed  to  reduce  the  parasitic  shunt  capacitance. 
The  device  is  made  by  standard  processing  techniques  that  readily  accommodate  changes  of  design. 
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epitaxial  wafer  that  consists  of  a  semi- 
insulating  GaAs  substrate  layer,  an  inter- 
mediate buffer  layer  of  n  +  GaAs,  and  an 
upper  layer  of  n  GaAs.  An  insulating  layer, 
preferably  of  Si02,  is  deposited  on  the  up- 
per n  GaAs  layer. 

Space  for  an  ohmic  contact  pad  is 
formed  by  the  use  of  a  photoresist  pattern 
and  etching  through  the  Si02and,  in  some 
cases,  the  GaAs  layers.  The  ohmic-contact 
metal  is  deposited  by  electroplating  a  se- 
quence of  tin,  tin/nickel,  and  gold  over  the 
contact-pad  area.  The  contact  is  alloyed, 
then  overlaid  with  gold. 

The  anode  region  is  defined  by  a  photo- 
resist pattern,  and  the  anode  window  is 
etched  through  the  Si02  layer.  The  photo- 
resist is  then  removed,  and  a  thin  layer  of 
platinum  followed  by  a  thicker  layer  of  gold 
are  plated  into  the  anode  window  and  onto 
the  n  GaAs  to  form  the  anode.  A  thin  layer 
of  chromium  and  another  of  gold  are  then 
sputtered  onto  the  entire  upper  surface. 

A  photoresist  is  applied  and  patterned  to 
define  the  anode  contact  pad  and  anode 
contact  finger.  A  thick  layer  of  gold  for  the 
pad  and  finger  is  then  deposited.  The 


photoresist  is  removed,  and  the  thinner 
layers  of  gold  and  chromium  are  etched 
away,  thus  forming  the  anode  contact  pad 
and  finger. 

A  photoresist  is  then  applied  and  pat- 
terned to  define  the  region  from  which  the 
material  will  be  removed  to  reduce  the 
shunt  capacitance.  After  the  etching  of  the 
Si02  in  this  region,  the  photoresist  is 
removed  and  the  region  is  etched  further, 
forming  a  channel  that  extends  under  the 
anode  contact  finger  and  into  the  semi-in- 
sulating GaAs  layer. 

This  process  allows  for  easy  variation  of 
the  length,  width,  and  thickness  of  the 
anode  contact  finger,  thus  enabling  the 
design  of  the  finger  for  optimum  induct- 
ance. The  size  of  the  anode  contact  pad 
can  also  be  varied  easily  for  optimum 
coupling  of  power  into  the  device.  The 
depth  and  width  of  the  channel  can  be 
adjusted  to  minimize  shunt  capacitance. 
Thus,  design  changes  can  be  executed 
through  routine  processing  variations  to 
make  devices  that  have  parasitic  series 
resistances  and  shunt  capacitances  ap- 
proaching theoretical  limits. 


This  work  was  done  by  William  Bishop, 
Robert  J.  Mattauch,  Kathleen  McKinney, 
and  Diane  Garfield  of  the  University  of 
Virginia  for  Goddard  Space  Right  Cen- 
ter. ( 
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Synchronization  Scheme  for  PPM  Communication 

Synchronization  is  achieved  even  under  difficult,  low-signal  conditions. 
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of  Synchronizing 
Sequence 
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Figure  1.  Three  Time  Scales  show  the  relationships  among  PPM  tlmeslots,  words,  and 
frames.  In  each  PPM  word,  only  one  of  the  tlmeslots  is  occupied  by  a  pulse.  The  occupied 
tlmeslot  determines  the  value  of  the  word. 

A  synchronization  scheme  for  pulse-po- 
sition modulation  (PPM)  matches  the 
pulse,  word,  and  frame  tlmeslots  of  the  re- 
ceiver to  those  of  the  received  signal  to  en- 
sure the  proper  identification  of  the  re- 
ceived pulses.  The  scheme  involves  a  brief 
sequence  of  synchronizing  pulses  within 
each  transmitted  frame  and  relies  on  the 
periodic  repetition  of  the  synchronizing 
pulses  for  verification.  The  use  of  verifica- 
tion reduces  the  number  of  synchronizing 
pulses  required  but  increases  the  time  re- 
quired to  achieve  synchronization. 

In  this  M-ary  PPM  system,  each  word 
contains  M  basic  tlmeslots,  one  of  which 
contains  a  pulse.  N  words  are  transmitted 
together  in  a  frame;  of  these,  the  first  L  are 
synchronizing  words,  and  the  remaining 
N-L  are  data  words.  The  frames  are 
transmitted  consecutively,  without  inter- 
ruption (see  Figure  1). 

With  respect  to  synchronization,  the  re- 
ceiver operates  in  three  states:  (1)  search, 
(2)  verification,  and  (3)  lock  (see  Figure  2). 
Initially,  the  receiver  waits  in  the  search 
state  for  the  synchronizing  sequence:  this 
could  be  done  most  simply  by  correlating 
the  timeslot  data  with  the  known  se- 
quence. Once  it  has  found  such  a  correla- 
tion, the  receiver  enters  the  verification 
state,  In  which  it  looks  for  repetitions  of  the 
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Figure  2.  The  Receiver  Has  Three  Operat- 
ing States,  which  depend  on  the  past  and 
present  conditions  of  the  received  signal.  In 
the  search  state,  It  attempts  to  find  the  syn- 
chronizing pulses.  In  the  verification  state, 
It  has  tentatively  Identified  the  synchroni- 
zing sequence.  In  the  lock  state,  It  has  ac- 
cepted the  tentative  synchronization. 


sequence  after  the  passage  of  multiples  of 
the  known  frame  length. 

If  the  receiver  recognizes  the  synchro- 
nizing sequence  A^  times  in  succession 
(where  A^,  the  rejection  threshold,  Is  an 
Integer  that  is  chosen  on  the  basis  of  per- 
formance requirements),  then  the  tentative 
synchronization  Is  accepted  and  the  re- 
ceiver goes  into  the  lock  state.  Thereafter, 
the  receiver  continues  to  check  for  syn- 
chronization by  looking  for  the  synchroni- 
zation sequence  at  the  beginning  of  each 
frame.  If  the  sequence  Is  not  observed  dur- 
ing Rfi  successive  frames  (where  /?-,,  the 
rejection  threshold,  Is  an  Integer  that  is  also 
chosen  on  the  basis  of  performance  re- 
quirements), then  the  receiver  goes  out  of 
lock  and  returns  to  the  search  state. 

The  choice  of  the  syncnronlzlng  se- 
quence affects  the  amount  of  time  left  in 
each  frame  to  transmit  data  and  the  ability 
of  the  receiver  to  acquire  synchronization 
and  to  lock.  The  suffixes  and  prefixes  of  the 
sequence  are  generally  made  unequal.  It  is 
also  preferable  to  make  the  sequence  con- 
tain both  extremes  of  the  PPM  alphabet 
(am  =  0,an  =  M-~\  for  some  m  and  n)  so 
that  a  shifted  version  of  the  sequence 

{a0+c,a^+c,  ...aL_:+c} 
cannot  occur  in  the  transmitted  data. 

A  synchronizing  sequence  detected  by 
the  receiver  can  be  one  of  three  types,  (1 )  a 
true  synchronizing  sequence  at  the  begin- 
ning of  a  frame,  (2)  a  sequence  of  data  that 
duplicates  the  synchronizing  sequence,  or 
(3)  a  signal  corrupted  by  noise  In  such  a 
way  that  the  receiver  recognizes  it  as  a 
synchronizing  sequence.  The  verification 
process  ensures  that  only  sequences  of 
type  (1)  affect  receiver  synchronization. 

The  synchronizing  scheme  is  Intended 
primarily  for  use  in  optical  communica- 
tions, especially  where  received  signals 
are  weak.  The  scheme  was  tested  In  a 
PPM  system  of  M  =  256,  L  =  2,  Ath  + 
Rth<"\2,  0«*A/<65,536.  The  signals  were 
fed  to  photomultlpliers,  which  detected  2  to 
3  photons  per  pulse.  Measurements  of  the 
distribution  of  times  to  acquire  synchroni- 
zation agreed  well  with  theoretical  predic- 
tions. 

This  work  was  done  by  William  K. 
Marshall  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory 
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Synchronous  Boxcar  Averager 

A  periodic  disturbance  is  rejected. 


Input 
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N-Sample 
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or  response  time  or  tne  system  is  7":  Thus, 
the  fluctuation  is  not  removed  until  the  first 
N  samples  have  been  taken;  and  if  the  non- 
periodic  component  of  the  input  suddenly 
changes  from  one  steaay  value  to  the  other, 
the  output  values  respond  by  progressing 
smoothly  from  the  first  steady  value  to  the 
second  steady  value  during  a  sequence  of 
N  samples. 


Figure  1 .  The  Digital  Filter  is  synchronized 
with  the  fundamental  component  of  the 
periodic  fluctuation  in  the  input  signal. 


A  digital  electronic  filtering  system  pro- 
duces a  series  of  moving-average  samples 
of  a  fluctuating  signal  in  a  manner  that  re- 
sults in  the  removal  of  an  undesired  period- 
ic signal  component  of  known  frequency. 
The  filter  was  designed  to  pass  the  steady 
or  slowly  varying  components  of  fluctuat- 
ing pressure,  flow,  pump  speed,  and  pump 
torque  in  a  slurry-pumping  system.  The  fil- 
ter concept  could  be  useful  for  monitoring 
or  control  in  a  variety  of  applications  in- 
cluding machinery,  power  supplies,  and 
scientific  instrumentation. 

The  filtering  system  (see  Figure  1)  Is  a 
synchronized  boxcar  averager  —  essen- 
tially a  moving-average  sampler  that  is  syn- 
chronized with  the  source  of  the  periodic 
disturbance.  During  one  input-signal  dis- 
turbance cycle  of  duration  T,  the  system 
takes  N  samples  of  the  input  signal  at  equal 
Intervals  of  T/N  (shown  in  Figure  2  for  N  = 
4).  At  each  sampling  time,  the  system  gen- 
erates the  average  of  the  latest  N  samples. 
The  sequence  of  average  values  is  fed  to 
a  digital-to-analog  converter,  which  pro- 
duces a  smoothly-varying  output  signal. 
Because  the  average  of  a  periodic  fluctua- 
tion Is  zero  during  one  period,  the  output 
signal  represents  the  slowly-varying,  non- 
periodic  component  of  the  input  signal. 

To  assure  the  removal  of  the  periodic 
fluctuation,  the  system  must  satisfy  the  Ny- 
quist  sampling  criterion;  consequently,  N 
must  be  at  least  twice  the  order  of  the  high- 
est harmonic  in  the  fluctuation.  The  settling 
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Figure  2.  The  Input  Signal  Is  Sampled  at  a  harmonic  (In  this  case,  the  fourth  harmonic)  of  the 
fundamental  fluctuation  frequency.  The  output  signal  contains  only  the  slowly  varying  com- 
ponent of  the  Input. 


This  work  was  done  by  Thomas  W. 
Rogers  of  United  Technologies  for  Mar- 
shall Space  Right  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  Invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to  MFS-28223/TN 


G«orge  C.  Marshall 
Space  Right  Centar 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D.  Wofford,  Jr. 
Mail  Code  CC01 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


i 


FOR    ADDITIONAL   INFORMATION :  Contact:  Director,  Technology  Transfer  Division.  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


1017 


Computer 
Software 

NBS   technology  update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburq,  MP  20899 


A  Fortran  Program  Analyzes  Data  from  Microelectronic  Test 
Structures 

STAT2  is  a  computer  program  which  performs  the  following  functions:  reads 
data  as  a  two-dimensional  array;  calculates  mean,  sample  standard   deviation, 
and  median;  identifies  outliers  using  statistically  sound  algorithms;  calculates 
replacement  values  for  outliers;  makes  gray- tone,  numerical  and  contour  data 
maps  on  a  line  printer;  makes  a  numerical  map  on  the  user's  terminal;  makes  a 
histogram  on  a  line  printer;  constructs  a  data  base  for  examining  correlations 
among  various  data  sets;  searches  the  data  base  for  correlations  using  several 
selective  keys;  makes  a  vector  map,  scatter  plot  and  trend  chart. 

For  Additional  Information: 

For  information  about  ordering  this  software,  contact  the 

NTIS  Federal  Computer  Products  Center,  NTIS,  5285  Port  Royal  Road,  Spring- 
field, VA  22161;  (703)  487-4763. 

Refer  to  PB88-122312/NAC 

Source  tape  is  in  the  ASCII  character  set.  This  restricts  preparation  to^9  track, 
one-half  inch  tape  only.  Identify  recording  mode  by  specifying  density  only.  Call 
NITS  Computer  Products  if  you  have  questions.  Price  includes  documentation, 
PB84-127455,  PB86-22861,  and  PB83-263764. 


1018 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Distributed  Architecture  for  Phased-Array  Antennas 


The  effects  of  failures  and 
changes  in  configuration 
can  be  simulated. 

The  Distributed  Architecture  for  Phased 
Array  Antennas  (DISTAR)  computer  pro- 
gram is  a  simulation  tool  used  to  study  the 
implementation  of  distributed  phased-ar- 
ray  equipment.  DISTAR  allows  the  place- 
ment of  possibly-faulty  transmitting/receiv- 
ing modules  (T/R's)  at  locations  throughout 
the  array.  Variations  in  amplifiers  and  phase 
shifters  may  degrade  the  performance  of 
an  antenna,  depending  on  environmental' 
conditions  and  array  architecture.  DISTAR 
enables  the  antenna  designer  to  examine 
the  characteristics  of  an  array  and  how 
they  affect  both  the  types  and  extents  of 
antenna  failures.  General  specifications 
for  amplifier  and  phase-shifter  tolerances 
can  also  be  determined  for  various  archi- 
tectures. 

The  configuration  of  an  array  is  as- 
sumed to  be  rectangular  with  optional 


staggering  in  the  x  or  y  direction.  The  array 
is  divided  into  various  subgroups  both  geo- 
metrically and  electronically.  Each  T/R 
drives  a  subgroup  of  elemental  radiators. 
Both  hard  and  soft  failures  of  the  T/R  ampli- 
fiers are  modeled.  A  hard  failure  is  catas- 
trophic, as  no  power  is  transmitted  to  those 
elements  controlled  by  the  amplifier  that 
failed.  Soft,  or  noncatastrophic,  failures  are 
simulated  by  a  modified  Gaussian  distribu- 
tion. 

Flat,  warped,  and  parabolic  arrays  can 
be  modeled.  The  user  must  supply  the  geo- 
metrical specifications  of  an  array,  the  am- 
plitude and  phase  for  each  row  and  col- 
umn, and  the  locations  of  all  T/R's.  Specific 
or  randomly  chosen  amplifiers  may  be 
deemed  faulty.  DISTAR  puts  out  the  nor- 
malized antenna  gain  patterns  in  the  form 
of  tables  and  two-  or  three-dimensional 
graphs. 

DISTAR  is  written  in  FORTRAN  77  for  in- 
teractive execution  and  has  been  imple- 
mented on  a  DEC  VAX  11/780  computer 


operating  under  VMS  4.4  with  a  central- 
memory  requirement  of  approximately 
35K  of  8-bit  bytes  (without  graphics). 
DISTAR  requires  the  commercial  DISSPLA 
plot  library  for  full  graphics  implementa- 
tion. The  program  was  developed  in  1986. 
This  program  was  written  by  Shayla  E. 
Davidson  and  Brian  Bourgeois  of  Johnson 
Space  Center  and  R.  P.  Jedlicka  and  P.  A. 
Henry  of  New  Mexico  State  University. 
MSC-21236/TN 

FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Interval  Counter  Measures  Stability  of  Frequency 

Propagation  of  errors  and  effects  of  dead  time  are  suppressed. 


A  system  that  includes  a  precise  timing- 
pulse  generator  with  an  interval  counter 
and  a  suitably  programmed  computer  de- 
termines the  relative  stability  or  instability 
of  frequency  of  two  signals  that  differ  in  fre- 
quency by  about  1  Hz.  The  system  was  de- 
signed for  use  in  a  frequency-standards 
laboratory. 

The  two  signals  to  be  compared  are 
mixed  to  produce  a  beat  note.  The  sinus- 
oidal beat  note  is  passed  through  a  zero- 
crossing  detector,  which  produces  a 
square  wave  or  other  pulse  train  at  the  beat 
frequency  of  about  1  Hz.  The  instability  of 
frequency  of  the  two  signals  is  expressed 
in  terms  of  the  fractional  deviation  in  fre- 
quency, which  can  be  determined  by 
measuring  the  times  of  the  zero  upcross- 
ings  of  the  beat  pulses. 

The  particular  combination  of  equip- 
ment (see  figure)  and  algorithm  measures 


the  times  of  the  zero  upcrossings  (with 
respect  to  a  starting  time)  and  not  merely 
the  lengths  of  the  intervals  between  suc- 
cessive upcrossings;  thus,  it  prevents  the 
propagation  of  errors.  The  combination 
also  overcomes  the  effect  of  the  dead  time 
of  the  interval  counter,  which  would  other- 
wise cause  the  counter  to  ignore  alternate 
cycles. 

The  counter  measures  intervals  to  with- 
in 1  ns.  The  frequency  reference  for  the 
counter  is  provided  by  a  precise  10-MHz 
signal.  The  reference  frequency  is  also 
divided  to  produce  a  "picket-fence"  signal 
of  sharp  pulses  every  0.1  s.  The  beat 
pulses  are  fed  to  the  A  input  of  the  interval 
counter  to  start  the  count.  The  picket-fence 
pulses  are  fed  to  the  B  input  to  stop  the 
count.  Thus,  the  counter  measures  the  in- 
terval Vj  from  each  upcrossing  at  time  tf  to 
the  next  picket-fence  pulse,  and  the  dead 


time  ends  well  before  the  next  anticipated 
upcrossing. 

Each  tf  differs  from  each  -  vt  oy  an  un- 
known integral  multiple  of  the  0.1-s  picket- 
fence  period.  The  algorithm  that  resolves 
the  ambiguity  and  determines  the  beat- 
note  periods  P,  =  £,-?,_.,  is  based  on  the 
following  assumptions: 

•  The  first  period  P1  differs  from  a  nominal 
initially  measured  value  P  by  less  than 
0.05  s,  and  each  subsequent  period  P,  dif- 
fers from  the  previous  period  P/_1  by  less 
than  0.05  s.  This  guarantees  the  unique 
resolution  of  the  0.1-s  ambiguities. 

•  Every  Pt  exceeds  the  sum  of  0.1  s  plus  the 
dead  time  of  the  counter.  This  guarantees 
that  no  upcrossing  is  missed. 

Because  the  t,  increase  quickly  and  con- 
tain important  information  in  their  least- 
significant  digits,  they  are  awkward  to 
compute,  store,  and  use.  Consequently, 
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The  Interval  Counter  measures  the  Interval  v,  from  the  beginning  of  each  beat  pulse  to  the  beginning  of  the  next  picket-fence  pulse.  These 
measurements  establish  the  times  t,  of  the  beginnings  of  the  beat  pulses  for  use  In  calculations  of  the  stability  of  the  frequency  of  the  beat 
pulses. 
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the  algorithm  computes  the  time  residues 
xi~trto~ IP-  "nie  a'gorithm  incorporates 
some  error  handling  to  prevent  one  bad  in- 
put from  spoiling  all  the  subsequent  out- 
puts. 

This  work  was  done  by  C.  A.  Greenhall 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer  to  NPO-17325/TN 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)  354-2734 
Technology  Utilization 
Mgr.  forJPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91 109 
(818)354-2240 
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Naval  Civil  Engineering  Laboratory,  Port  Hueneme,  CA  93043 


Packaging  Cogeneration  Systems  (PCS)  Result  in 
Cost  and  Energy  Savings 


WHAT  ARE  PACKAGED 
COGENERATION  SYSTEMS  (PCS) 

Cogeneration  is  the  sequential  production  of 
electrical  power  and  thermal  energy  from  a 
common  fuel  such  as  natural  gas  or  diesel  fuel. 
The  term  "Packaged  Cogeneration  System" 
refers  to  pre-engineered  and  pre-packaged 
modulars  with  electric  generating  capabilities 
below  500  kW  which  use  prime  movers,  such 
as  reciprocating  engines  or  gas  turbines.  Heat 
recovery  equipment  is  added  to  the  system  to 
generate  steam  or  hot  water.  Better  utiliza- 
tion of  the  fuel's  energy  potential  is  achieved 
which  results  in  improved  system  efficiency 
and  cost  savings. 

PACKAGED  COGENERATION 

SYSTEMS  (PCS)  IMPROVE 

EFFICIENCY  AND  REDUCE 

ENERGY  COSTS 

Small  decentralized  Packaged  Cogeneration 
Systems  improve  system  energy  efficiency 


and  reduce  the  costs  associated  with  electrical 
consumption,  cooling  and  heating,  domestic 
hot  water  (DHW)  generation,  and  supply  of 
process  steam/hot  water  to  individual  Navy 
facilities  or  small  building  complexes.  The 
measured  combined  electrical  and  thermal 
efficiency  can  be  as  high  as  85%.  Typically,  a 
simple  payback  period  of  between  two  and 
four  years  may  be  achieved.  The  addition  of 
a  thermal  storage  device  such  as  hot  water 
storage  tank  will  further  increase  efficiency 
and  improve  the  cost  savings. 

PCS  ECONOMICS 

The  Naval  Civil  Engineering  Labora- 
tory has  developed  a  computer  program  that 
will  perform  an  economic  analysis  of  poten- 
tial PCS  applications  in  Navy  facilities  based 
on  user  defined  domestic  hot  water  (DHW) 
curves  or  default  DHW  patterns  for  hospitals 
and  barracks.  The  Small  Cogeneration 
Analysis  Program  (SCAP)  is  user-friendly 
and  runs  on  any  IBM-PC  or  compatible  with 


1021 


a  minimum  of  256  KB  RAM  and  at  least  one 
360  KB  floppy  disk  drive. 

The  program  inputs  for  the  default  mode 
include  facility  occupancy  information,  fuel 
type,  annual  operating  hours,  water  tempera- 
tures, and  fuel  costs.  The  user  may  specify  a 
PCS  design  and  input  the  associated  capital 
and  maintenance  costs  for  that  system,  or  use 
the  default  design  and  cost  values  in  the 
economic  analysis.  The  user  must  also  input 
discount  and  escalation  rates.  The  program 


outputs  include  the  average  hourly  DHW 
load,  energy  usage  and  savings  values,  the 
savings-to-investment  ratio  (SIR),  and  simple 
payback  period. 

For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Jerry  Dummer 

Code  L03C 

Facilities  Engineering  Support  Office 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

(805)982^070 

Refer  to  Techdata  sheet  88-03/TN 
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Technology  Application 


Oak  Ridge  National  Laboratories 


BEAM-PROCESSED,  HIGH-EFFICIENCY  SOLAR  CELLS 


Key  words:  Solar  cells;  laser  annealing;  laser- 
induced  diffusion;  gaseous-discharge  implantation 


Researchers  in  ORNL's  Solid  State  Division  are 
developing  faster  and  cheaper  methods  for 
fabricating  high-efficiency  solar  cells. 
Commercially  available  solar  cells  have  conversion 
efficiencies  of  about  14%,  and  until  now, 
experimental  high-efficiency  cells  have  required 
specially  prepared  substrate  materials.  By  using 
these  new  methods,  cells  with  18%  efficiency 
could  be  made  in  a  production-line  environment; 
experimental  cells  with  efficiencies  of  as  high  as 
19.6%  have  been  produced  at  ORNL  using 
commercially  available,  production-line  silicon 
wafers.  These  new  methods  involve  three 
successive  techniques:  gaseous-discharge 
implantation,  pulsed-excimer  laser  annealing,  and 
surface  passivation. 

Gaseous-discharge  implantation  uses  large-area 
ion  beams  to  form  "doped"  surface  layers  in 
silicon  wafers.    These  layers  have  three  important 
characteristics  essential  for  the  attainment  of  high 
efficiencies:  very  high  dopant  concentrations, 
excellent  dopant  uniformity  over  large  areas,  and 
very  shallow  depths.  To  form  these  layers,  small 
amounts  of  reactive  gases  mixed  with  a  carrier 
gas  are  bled  into  a  glow-discharge  deposition 
chamber  (Fig.  1).  In  this  chamber,  a  dopant  layer 
can  be  formed  in  a  3-in.-diam  wafer  within  a  few 
seconds. 
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Fig.  1.  Gas  implant  system.  To  form  dopant  layers  in  a 
silicon  wafer,  small  amounts  of  the  gases  phosphine 
(PH3)  or  diborane  (B2H6)  and  a  carrier  gas  (H2)  are 
bled  into  a  deposition  chamber.  A  voltage  of  about 
1    kV  across  the  anode  and  the  cathode  (sample 
holder)  ionizes  the  gas  molecules,  creating  an  ion 
beam  that  deposits  the  dopant  in  the  wafer  resting  on 
the  cathode. 


Pulsed  excimer-laser  annealing  is  next  used  to 
remove  the  damage  created  by  the  gaseous- 
discharge  process.  The  implanted  surface  of  the 
wafer  is  irradiated  with  pulses  from  a  XeCI 
excimer  laser;  at  an  energy  density  of  1.5  J/cm2, 
a  molten  layer  about  0.2  /im  thick  and  lasting  for 
about  0. 1  us  is  formed.  Damage  created  by  the 
implantation  step  is  repaired,  and  the  dopant  ions 
are  electrically  activated  as  this  molten  layer 
rapidly  resolidifies.  In  this  way,  the  very  high 
dopant  concentrations  and  shallow  junctions 
created  by  the  gaseous-discharge  implantation 
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are  preserved  while  the  bulk  of  the  wafer  remains 
at  room  temperature. 

The  third  step,  surface  passivation,  is  used  to 
obtain  the  best  possible  operating  characteristics 
in  the  solar  cells.    This  step  increases  the  current 
and  voltage  output  by  eliminating  the  surface 
recombination  paths  by  which  photogenerated 
electrons  and  holes  are  lost.  Passivation  can  be 
accomplished  either  intrinsically  by  high  built-in 
electric  fields  or  extrinsically  by  the  high- 
temperature  growth  of  a  thin  (about  1 00  A)  SiO  2 
layer  on  the  surface  of  the  cell.  Using  the  doping 
and  annealing  processes  described,  intrinsically 
passivated  solar  cells  with  an  efficiencies  of 
nearly  19%  have  been  fabricated.  Higher- 
efficiency  cells  (~20%)  require  high-temperature 
extrinsic  passivation. 

These  new  techniques  have  a  variety  of 
potential  applications: 

*  solar  cells  for  use  in  space, 

*  polycrystalline  silicon  solar  cells  because  high- 
temperature  steps  can  be  avoided, 

•  silicon  photodiode  uv  detectors, 

•  germanium-substrate  cells  with  better  quantum 
efficiency  in  the  uv  range  than  conventionally 
processed  germanium  photovoltaic  devices,  and 


large-area  germanium  photovoltaic  devices  for 
use  in  conjunction  with  black-body  radiators  in 
thermophotovoltaic  energy  collectors. 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 

R.  F.  Wood,  R.  D.  Westbrook,  and  G.  E.  Jellison,  Jr., 

"  1 8%-Efficient  Intrinsically  Passivated  Laser-Processed  Solar 

Cells,"  Appl.  Phys.  Lett.,  50  2,  107-9  (January  12,  1987). 

R.  D.  Westbrook,  R.  F.  Wood,  and  G.  E.  Jellison,  Jr., 
"Glow-Discharge-lmplanted,  Thermally  Annealed,  Oxide- 
Passivated  Silicon  Solar  Cells  of  19%  Efficiency,"  Appl. 
Phys.  Lett.  50  8,  469-71  (February  23,  1987). 

R.  F.  Wood,  R.  D.  Westbrook,  and  G.  E.  Jellison,  Jr., 
"Excimer  Laser-Processed  Oxide-Passivated  Silicon  Solar 
Cells  of  19.5-Percent  Efficiency,"  IEEE  Electron  Device  Lett. 
EDL-8  5,  249-51  (May  1987). 

R.  F.  Wood,  R.  D.  Westbrook,  and  G.  E.  Jellison,  Jr., 
"High-Efficiency  Intrinsically  and  Extrinsically  Passivated 
Laser-Processed  Solar  Cells,"  pp.    519-24  in  Proceedings 
of  the  19th  IEEE  Photovoltaic  Specialty  Conference,  New 
Orleans,  May  1987,  IEEE  87CH  2400-0,  Institute  of 
Electrical  and  Electronics  Engineers,  New  York,  N.Y. 
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PASSIVE  SOLAR  STRUCTURES  ENHANCED  WITH  PHASE-CHANGE  MATERIALS 


Key  words:  Phase-change  materials;  passive 
solar  heating;  building  design 


The  designer  of  a  passive  solar  structure  has 
three  components  to  work  with:  the  building's 
geometry,  its  thermal  insulating  properties,  and 
its  thermal  storage  properties.  The  design  of 
passive  solar  structures  has  been  understood  for 
some  time,  but  there  has  been  no  systematic 
study  of  the  way  the  design  elements  interact. 
Many  structures  have  been  built,  but,  because  of 
the  cost  of  gathering  and  analyzing  data,  final 
conclusions  about  these  structures  are  couched  in 
terms  of  whether  they  "worked"  or  not.  The 
ability  to  change  characteristics  of  a  structure 
and  compare  the  performance  with  other 
configurations  in  a  consistent  manner  has  only 
become  available  with  the  advent  of  detailed, 
validated  computer  models. 

The  ORNL  report,  Design  of  PCM  Enhanced 
Passive  Solar  Structures,  presents  the  results  of 
using  a  computer  model  to  modify  the 
characteristics  of  a  passive  solar  structure  to 
discover  thermal  interactions  and  effects  on 
performance.  The  use  of  phase-change  materials 
(PCMs)  can  enhance  the  thermal  storage 
properties  of  a  building  (Fig.  1).  Design  principles 
are  reviewed  in  this  report  with  special  emphasis 
on  the  thermal  storage  aspects  of  PCMs  in  a 
direct  gain  design. 
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Fig.  1.  Daily  supplemental  heat  load  for  each  day  of 
the  heating  season  when  no  PCM  is  present  in  the 
structure  (top)  and  when  a  PCM  with  a  transition 
temperature  (the  point  at  which  the  PCM  discharges 
its  latent  heat)  of  88°F  is  present  (bottom).  The 
horizontal  lines  indicate  average  daily  value. 
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The  computer  model  includes  a  baseline  design 
of  an  insulated  solar  structure  (a  single  room  with 
a  large  window  on  one  wall)  that  has  PCM 
(calcium  chloride  hexahydrate  wallboard)  covering 
its  walls  (Fig.  2).  The  model  takes  into  account 
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Fig.  2.  Baseline  design. 


the  motion  and  position  of  the  sun,  the  local 
weather,  seasonal  heating  period,  and  includes  a 
consideration  for  human  comfort.  All  calculations 


presented  in  this  report  were  performed  using  the 
PCMSOL-2  computer  code  running  on  a  Cray 
XMP.  A  sample  of  the  input  to  PCMSOL-2  is 
given  in  the  report;  PCMSOL-2  will  be  made 
available~through  the  National  Energy  Software 
Center  at  Argonne  National  Laboratory. 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 

J.  B.  Drake  et  al.,  Design  of  PCI9I  Enhanced  Passive  Solar 
Structures,  ORNL-6281,  Oak  Ridge  National  Laboratory 
(March  1987). 

S.  R.  Brown  et  al.,  Experimental  and  Analytical  Validation  of 
PCMSOL,  Lockheed  Missiles  and  Space  Company  Technical 
Report  LMSC-HEC-TR-F042530  (1985). 
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ROOF  RESEARCH  CENTER 


Key  words:  User  facility;  roofs;  environmental 
chamber 


The  U.S.  Department  of  Energy  (DOE)  Office  of 
Buildings  and  Community  Systems  has 
established  the  Roof  Research  Center  (RRC)  at 
ORNL.  This  center  is  dedicated  to  research  that 
improves  the  thermal  efficiency  and  durability  of 
low-slope,  waterproofing  roof  systems.  The  RRC 
has  been  designated  as  a  national  user  facility; 
this  means  that  the  facilities  and  staff  are 
available  to  address  problems  defined  by  the 
buildings  industry  as  well  as  issues  of  interest  to 
DOE. 

The  centerpiece  of  the  RRC  is  the  Large-Scale 
Climate  Simulator  (LSCS),  which  is  shown  in 
Fig.    1 .  This  facility  is  expected  to  be  operational 
by  mid- 1988.  The  LSCS  consists  of  two 
chambers:  one  simulates  outdoor  weather 
conditions;  the  other,  indoor  conditions.  Roof  test 
specimens  placed  between  these  two  chambers 
are  exposed  to  a  range  of  field  conditions  that 
can  simulate  temperatures  and  humidity 
anywhere  in  the  world.  Measurement  sensors  and 
a  fully  automatic  data  acquisition  system  provide 
operators  with  an  accurate  real-time  description 
of  specimen  performance.  The  LSCS  will  be  used 
to  provide  field  data  on  the  thermal,  hygric,  and 
mechanical  performance  of  large-size  roof 
specimens.  Analysis  of  the  data  is  expected  to 
help  determine  how  to  design,  build,  and  maintain 
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Fig.  1.  A  schematic  drawing  of  the  Large-Scale  Climate  Simulator. 

energy-efficient  roof  systems  that  are  durable  and 
cost-competitive. 

A  second  facility,  already  in  operation  at  the 
RRC,  is  the  Roof  Thermal  Research  Apparatus 
(RTRA)  (Fig.  2).  The  RTRA  is  a  versatile  facility 
used  primarily  to  monitor  the  long-term  field 
thermal  performance  of  different  types  of  roof 
systems.  Instrumented  specimens  are  mounted 
on  the  RTRA  and  exposed  to  prevalent  weather 
conditions.  To  date,  the  RTRA  has  provided 
experimental  information  on  the  thermal  effects 
of  surface  color  and  surface  mass,  the  dynamic 
behavior  of  lightweight  roof  systems,  the  thermal 
effects  of  wet  insulation,  and  the  operating 
characteristics  of  several  diagnostic  systems  used 
for  monitoring  the  field  thermal  performance  of 
building  envelope  systems. 
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Fig.  2.  The  Roof  Thermal  Research  Apparatus,  used  primarily  to  monitor  the  long-term  field  thermal 
performance  of  different  types  of  roof  systems. 
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An  industry  review  panel  has  been  established 
to  assist  DOE/ORNL  in  defining  priorities  for  the 
RRC  facilities  and  to  provide  oversight 
responsibilities  for  the  products  of  research  at 
RRC.  Specific  projects  for  the  center  can  be 
suggested  by  the  DOE/ORNL  staff  and  by  the 
roofing  industry.  Provisions  are  also  available  for 
a  limited  amount  of  proprietary  research  for 
specific  companies.  A  detailed  description  of  the 
RRC  and  various  operational  modes  is  available  in 
The  Roof  Research  Center:  A  National  User 
Facility  for  Thermal  Performance  and  Durability  of 
Roofing  Systems,  Interim  Users  Manual. 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 


The  Roof  Research  Center:  A  National  User  Facility  for 
Thermal  Performance  and  Durability  of  Roofing  Systems, 
Interim  Users  Manual,  ORNL/M-329,  Oak  Ridge  National 
Laboratory  (April  1987). 
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Tests  of  Amorphous-Silicon  Photovoltaic  Modules 


Progress  in  identification  of 
strengths  and  weaknesses  of 
amorphous-silicon  technology 
is  detailed. 

A  report  describes  recent  achieve- 
ments in  testing  the  reliability  of  solar- 
power  modules  made  of  amorphous-sili- 
con photovoltaic  cells.  The  paper  is  based 
on  an  investigation  of  modules  made  by 
U.S.  manufacturers.  Modules  were  sub- 
jected to  field  tests,  to  accelerated-aging 
tests  in  the  laboratory,  and  to  a  standard 
sequence  of  qualification  tests  developed 
for  modules  of  crystalline-silicon  cells. 

For  the  laboratory  tests,  a  large-area 
pulsed  solar  simulator  was  modified  by  the 
addition  of  filters  to  provide  an  internation- 
ally-recognized standard  illuminating  inten- 
sity and  spectrum.  The  combination  of  the 
modified  simulator  with  generic  amor- 


phous-silicon reference  cells  yields  meas- 
urements repeatable  within  1  percent, 
without  detailed  characterization  of  the 
spectral  responses  of  the  amorphous-sili- 
con cells  and  modules  under  test. 

In  general,  the  modules  performed  well 
in  the  sequence  of  qualification  tests  — 
about  as  well  as  crystalline-silicon  modules 
did  at  a  similar  early  stage  of  development. 
Some  large  modules  with  3-mm-thick  cov- 
ers of  annealed  glass  were  not  as  resistant 
to  hail  as  the  qualification  test  requires. 
However,  modules  made  with  structurally- 
supported  and  partially-tempered  glass 
covers  proved  to  meet  the  requirements. 

Most  modules  exhibited  minor  deficien- 
cies in  endurance  with  respect  to  tempera- 
ture and  humidity.  Types  of  degradation  in- 
cluded softening  and  warping  of  plastic 
parts,  delamination,  and  loss  of  power  due 
to  increases  in  series  resistance.  In  hot- 


spot  tests,  amorphous-silicon  modules  be- 
haved much  like  crystalline-silicon  mod- 
ules and,  in  some  cases,  were  more  toler- 
ant of  hotspots. 

The  field  tests  showed  that  certain  fail- 
ure mechanisms  are  particularly  impor- 
tant. These  include  effects  induced  by 
light,  corrosion  of  connections  between 
cells,  electrochemical  corrosion  between 
cells  and  module  frames,  electrical  break- 
down between  cell  strings  and  frames,  and 
thermal  diffusion  of  dopants  and  other 
materials  into  and  among  the  thin-film 
layers  of  the  cells. 

This  work  was  done  by  Ronald  G.  Ross, 
Jr.,  ofCaltech  for  NASA's  Jet  Propulsion 
Laboratory. 

"Recent  Achievements  in  Module  Reliabili- 
ty Research:  Testing  of  Amorphous  Silicon 
Modules,"    NPO-17303/TN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division  PO  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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1026  New  Rig  Drills  Water  Well  Rapidly 

1027  Detect  Underground  Storage  Tank  Leaks  with  Inventory  Control 

1028  Coding  Ropes  for  Length  and  Speed  Measurements  —  Ferromagnetic 
staples  would  serve  as  markers.  (Licensing  Opportunity) 

1029  Continuous-Flow  Centrifugal  Separator  —  Rotational  speed,  flow,  and 
pressure  are  adjusted  to  achieve  separation. 

1 030  Graphite/Epoxy  Deicing  Heater  —  Heat  is  applied  close  to  the  surface  to 
be  protected.  (Licensing  Opportunity) 

1 031  Large-Angle  Magnetic  Suspension  —  Two  degrees  of  angular  freedom 
are  provided  within  a  single  magnetic-suspension  system. 

1032  Linear-Alignment  Testing  Grips  —  Lateral  movements  of  grips  are 
eliminated  for  thin  specimens.  (Licensing  Opportunity) 

1033  Nonlinear  Analysis  of  Rotor  Dynamics  —  Progress  is  made  toward 
understanding  rotor  vibrations. 

1034  Spark  Igniters  Fit  in  Correct  Locations  Only  —  Pins  create  interference  if 
incorrect  assembly  is  attempted. 

1035  Stiffening  Rings  for  Rocket-Case  Joints  —  Loss  of  seal  may  be  prevent- 
able. 

Software 

1036  Computer  Programs  Analyze  Structural  Problems 

1 037  Grid  Frame  Computer  Program 

1 038  Plane  Truss  Computer  Program 

1 039  Structural  Analysis  Computer  for  Mine  Design 
Testing  &  Instrumentation 

1040  Improved  Impulse  Programmer  for  Hydraulic  Simulator 

1041  Measuring  Flow  by  Holographic  Interferometry  —  The  flow  field  is 
reconstructed  by  computer-aided  tomography.  (Licensing  Opportunity) 

1042  Analog  Sensor  of  Large-Amplitude  Displacements  —  A  noninvasive 
device  measures  large  amplitudes  even  at  low  frequencies. 

1043  Predicting  Temperatures  in  Ball  Bearings  —  Computer  simulations 
speed  design  studies. 
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New  Rig  Drills  Water  Well  Rapidly 


The  Navy  expects  its  urgent 
need  for  a  portable  water  well 
drilling  system  to  be  resolved 
with  the  development  of  a  new  rig 
with  a  unique  telescoping  mast 
and  an  advanced  hydraulic 
system.  The  rig  will  prove 
invaluable  where  surface  water 
supplies  are  inadequate  or 
contaminated. 

Scientists  at  the  Naval  Civil 
Engineering  Laboratory  (NCEL) 
Port  Hueneme,  California,  are 
testing  and  evaluating  a  light- 
weight water  drill  that  can  be 
transported  by  air  in  an  8-foot  by 
8-foot  by  20-foot  shipping 
container. 

Researchers  consider  the 
novel  system,  designed  specifical- 
ly for  advanced  base  operations, 
to  be  the  answer  to  Navy 
requirements  for  a  mobile,  rapid 
drilling  operation  capable  of 
reaching  water  depths  of  1,500 
feet  within  five  days. 

A  conventional  drilling  rig 
uses  a  mast  or  derrick,  25  to  30 
feet  high,  to  accommodate  stand- 
ard 20-foot  sections  of  drill  pipe. 
However,  such  one-piece  derricks 
are  difficult  to  transport.  They 
cannot  be  shipped  in  containers 
and  require  disassembly  before 
being  transported  by  plane.  In 
addition,  when  folded  over  the 
cab  of  a  truck,  the  excessive 
length  and  height  of  the  mast 
make  steering  and  driving 
difficult 

Navy  well  drilling  rigs  are 
incapable  of  drilling  a  12-inch 
hole  to  1,200  feet  or  a  6-inch  hole 
to  1,500  feet.  These  rigs  are  not 
self-propelled,  lack  the  mobility 
to  be  relocated  to  other  drilling 
sites,  and  require  at  least  12 
trained  men  for  an  around-the- 
clock  drilling  operation.  The  new 
drilling  rig  will  eliminate  these 
limitations. 


This  prototype  of  a  new  Navy  water  well  drilling  rig  features  a  unique 
telescoping  mast  and  an  advanced  hydraulics  system.  Commercially 
constructed,  the  unit  can  be  extended  to  handle  a  20-foot  section  of  drill 
pipe  and  can  be  transported  by  plane  (without  disassembly)  in  a  standard 
shipping  container. 

The  new  design  incorporates 
a  mast/hoist  assembly  that  uses 
telescopic  steel  cylinders.  The 
innovative  concept  limits  overall 
rig  size  to  20  feet  long,  less  than  8 
feet  high,  and  weighing  less  than 
25,000  pounds.  The  drilling 
mechanism  (top  head  drive)  will 
develop  a  maximum  torque  of 
60,000  inch-pounds  and  is  guided 
on  the  outside  of  the  mast  by 
hydraulic  cylinders  that  can  raise 
and  lower  1,500  feet  of  drill  stem 
and  drill  bit 
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The  rig  must  be  rugged  and 
capable  of  drilling  rapidly 
through  subsurface  conditions 
using  mud,  air,  and  down-the- 
hole  hammer  drilling  techniques. 
Because  it  is  shipped  as  a 
completely  assembled  rig,  it  can 
begin  drilling  less  than  an  hour 
after  arrival  at  a  selected  site. 

The  system  must  prove 
reliable  in  field  operations  for  at 
least  90  days.  It  must  function  22 
hours  a  day  with  the  remaining  2 
hours  dedicated  to  preventive 
maintenance  and  minor  repairs. 
A  two-man  crew  can  drill  on 
slopes  as  steep  as  eight  degrees, 
using  four  hydraulic  stabilizing 
and  levelingjacks. 

The  all  hydraulic  system 
provides  power  for  each 
operation,  and  the  smoothness  of 
the  simple  system  can  be 
compared  to  an  automatic 
transmission  in  a  car. 


The  four-wheel  rig  will  be 
self-propelled  and  capable  of  off- 
road  speeds  up  to  10  miles  per 
hour. 

The  new  system,  tested  in 
Texas  and  Tennessee  last  sum- 
mer, successfully  drilled  holes  to 
1,500  feet  deep.  Final  testing  and 
evaluation  are  scheduled  at  Fort 
Hunter  Liggett,  California,  and 
the  Naval  Construction  Battalion 
Center,  Port  Hueneme. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service, 
CodeE211, 

Naval  Surface  Weapons  Center, 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130501/TN 


( 


( 


< 


N 


AVY 

Domestic  Technology  Transfer  Fact  Sheet 


Detect  Underground  Storage  Tank  Leaks  With 
Inventory  Control 


Preventing  loss  of  products 
and  commodities  by  measuring 
and  documenting  their  distribu- 
tion and  consumption  has  been 
a  historical  practice  of  man. 
Traditionally,  the  cost  of  losing  a 
product  was  only  as  great  as  the 
value  of  the  lost  product. 
However,  the  cost  of  "losing"  oils 
or  hazardous  substances  into  the 
environment  can  be  much  greater 
than  the  product's  value  because 
of  the  financial  liability 
associated  with  a  spill  or  leak 
cleanup.  Inventory  control  of  oil 
and  hazardous  waste  can  detect 
and  identify  losses  early. 

Inventory  control  is  most 
applicable  on  underground 
storage  tanks  that  only  have 
periodic  integrity  testing  to 
detect  leaks,  rather  than  tanks 
with  continuous  monitoring 
systems.  To  be  useful,  an 
inventory  control  program  should 
include  dependable  measuring 


equipment  and  techniques  of 
reliable  readings,  consistent  and 
accurate  product  accounting  or 
recordkeeping,  and  proper  data 
evaluation. 

Though  inventory  control  can 
be  an  initial  indication  of  a  leak, 
caution  should  be  used  before 
forming  conclusions.  (From 
Energy  and  Environmental 
News,  Naval  Energy  and 
Environmental  Support  Activity 
(NEESA),  Port  Hueneme, 
California,  January  1988.) 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130503/TN 
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Coding  Ropes  for  Length  and  Speed  Measurements 

Ferromagnetic  staples  would  serve  as  markers. 


A  concept  for  coding  space  tether  ropes 
would  give  instantaneous  readings  of  the 
length  of  line  deployed  and  the  speed  of  de- 
ployment. The  concept  may  be  adaptable 
to  such  terrestrial  tasks  as  laying  subma- 
rine cables  and  the  construction  of  suspen- 
sion bridges.  According  to  the  concept, 
steel  staples  would  be  inserted  in  the  rope 
with  a  predetermined  pattern  and  spacing. 
As  the  rope  is  unreeled,  a  sensor  would 
produce  a  pulse  each  time  a  staple  passed 
it.  Logic  circuits  would  interpret  the  pulses 
to  detemine  the  length,  speed,  and  direc- 
tion of  the  line. 

The  staples  could  also  be  used  by  a 
vehicle  such  as  an  elevator  traveling  along 
the  rope.  A  sensor  on  the  moving  vehicle 
would  produce  pulses  each  time  a  staple 
was  passed.  From  the  pulses,  the  speed, 
direction,  and  position  of  the  vehicle  would 
be  determined. 

After  the  rope  has  been  manufactured, 
it  would  be  transferred  from  its  storage  reel 
to  a  takeup  reel  a  short  distance  away.  The 
rope  would  pass  a  stapler,  which  would  in- 
sert staples  at  preset  intervals.  The  staples 
would  be  designed  to  minimize  compres- 
sion of  the  line.  After  stapling,  a  protective 
coating  would  be  applied  to  the  line.  The 
distances  between  staples  may  range 
from  centimeters  to  hundreds  of  meters, 
depending  on  the  intended  use. 

An  electronic  controller  and  a  system  of 
pulleys  would  maintain  the  expected  oper- 
ating tension  on  the  rope  so  that  the  dis- 
tance would  be  nearly  the  same  as  in  the 
stretched  line.  Locally,  the  staples  would 
be  grouped  according  to  a  code  to  provide 
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Like  a  Crude  Magnetic-Tape-Playback  Head,  a  sensor  would  detect  the  ferromagnetic 
staples  as  the  rope  is  unwound  or  wound.  The  pulses  from  the  staples  would  be  analyzed 
electronically;  the  numbers  of  pulses  and  the  intervals  between  them  would  be  interpreted  in 
terms  of  the  velocity  of  the  rope  and  the  length  payed  out. 


data  on  the  direction  of  motion  and  speed. 
A  verifying  unit  after  the  stapler  would  test 
the  stapled  codes.  It  would  compare  a 
code  with  the  stapler  program  and  stop 
the  drive  in  case  of  error. 

In  use,  the  codes  would  be  read  out  by  a 
sensor  of  ferromagnetic  material.  The  sen- 
sor pulses  would  be  analyzed  by  a  counter 
and  integrator  (see  figure). 

The  concept  promises  greater  accura- 
cy than  is  offered  by  conventional  methods 
of  measuring  payout.  For  example,  the 
measurement  of  deployed  length  by  a  ro- 
tating idler  wheel  is  subject  to  error  be- 


cause of  slippage  and  stretching  of  the  line, 
and  marking  the  line  with  stripes  for  optical 
recognition  tends  to  produce  unreliable 
results  because  of  the  small  diameter  of 
the  line. 

This  work  was  done  by  Charles  C  Rupp 
and  Georg  von  Tiesenhausen  of  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-28226.  /TN 
George  C  Marshall 
Space  Flight  Center 
Technology  Utilization 
Officer:  Ismail  Akbay 
Code  AT01 

Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-2223 


Patent  Counsel: 
Leon  D  Wotford,  Jr 
Mail  CodeCCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 
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Continuous-Flow  Centrifugal  Separator 

Rotational  speed,  flow,  and  pressure  are  adjusted  to  achieve  separation. 


A  proposed  apparatus  would  combine 
some  of  the  operating  principles  of  centri- 
fugal and  cyclone  separators  to  control  the 
movement  of  solid  or  liquid  particles  sus- 
pended in  a  flowing  gas.  It  would  stratify 
the  particles  or  move  them  with  or  against 
the  gas  flow  while  segregating  them  ac- 
cording to  size  or  mass. 

The  apparatus  would  include  a  rotating 
disk  containing  radial  channels,  the  cross 
section  of  each  of  which  would  decrease 
with  the  distance  from  the  center  of  rota- 
tion (see  figure).  Particle-bearing  gas  would 
flow  from  the  periphery  of  the  disk  toward 
the  center.  The  rotational  speed,  the  rate  of 
flow,  and  the  gas  pressure  at  the  inlet 
would  be  adjusted  so  that  the  particles 
would  move  with  or  against  the  flow  or  re- 
main in  place  depending  on  their  size  or 
mass.  The  particles  would  thus  be  separat- 
ed. The  particles  would  be  introduced  or 
collected  by  tubes  on  the  axis  of  the  disk 
and  at  its  periphery. 

The  separation  scheme  might  be  used 
in  low-gravity  manufacturing  processes  or 
in  the  collection  of  dusts  or  aerosols  in  nor- 
mal gravity.  It  might  also  be  used  to  remove 
volatile  components  from  a  liquid;  in  this 
case,  the  liquid  would  flow  from  the  center 
of  the  disk  outward.  Gas  bubbles  formed  at 


Particle-Collection 
Channel 


Gas 

'"'^^""^'   Flow 
SECTION  AA 


The  Spinning  Disk  Would  Contain  Radial  Channels,  the  width  of  which  would  vary  as  a  func- 
tion of  distance  from  the  center.  Gas  would  flow  from  an  outer  ring  around  the  disk  toward 
the  center.  Particles  —  either  liquid  or  solid  —  in  the  gas  would  be  collected  at  the  periphery, 
the  center,  or  both. 


the  periphery  would  flow  against  the  cur- 
rent toward  the  center,  where  they  would 
be  collected. 

This  work  was  done  by  Robert  D. 


Waldron  of  Rockwell  International  Corp. 
for  Johnson  Space  Center. 

MSC-21173  /TN 
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Graphite/Epoxy  Deicing  Heater 

Heat  is  applied  close  to  the  surface  to  be  protected. 


Both  military  and  civilian  aircraft  of  the 
future  will  have  an  increasing  number  of 
components  fabricated  from  composite 
materials.  This  trend  stems  from  not  only 
the  desire  to  reduce  the  aircraft  weight  but 
also  to  make  aircraft  surfaces  smoother 
for  more  laminar  flow  and  hence  less  drag. 

If  leading  edges  of  lifting  surfaces  (i.e., 
wings  and  tails)  and  engine  inlets  are  to  be 
made  from  composite  materials,  then  one 
problem  that  must  be  addressed  is  that  of 
protection  from  ice.  Thermal  anti-icing  and 
deicing  systems  that  have  been  used  for 
years  by  the  aircraft  industry  do  not  appear 
to  be  useful  for  composite  designs,  be- 
cause composites  characteristically  have 
low  thermal  conductivities  in  their  trans- 
verse directions,  and  hence,  large  a- 
mounts  of  heat  would  have  to  be  provided 
to  ensure  that  the  outer  surfaces  reach  the 
required  anti-icing  or  deicing  tempera- 
tures. 

A  surface  heater  developed  to  remedy 
this  deficiency  includes  a  graphite-fi- 
ber/epoxy  composite  as  the  heating  ele- 
ment. This  heater  can  be  thin  and  highly 
electrically  and  thermally  conductive  and 
can  conform  to  irregular  surfaces.  There- 
fore, it  can  be  used  in  the  thermal  deicing 
system  of  an  aircraft  to  heat  the  surface  of 
the  aircraft  quickly  and  uniformly. 

The  basic  design  of  the  heater  is  il- 
lustrated in  the  figure.  One  ply  of  highly 
electrically-  and  thermally-conductive  bro- 
minated-graphite-fiber  composite  was 
laminated  between  two  plies  of  electrically- 
insulating  composite  material,  with  nickel 
foil  making  contact  with  the  end  portions  of 
the  graphite  fibers.  Part  of  the  foil  was  ex- 
posed beyond  the  composite  to  serve  as 
an  electrical  contact.  Several  model  heat- 
ers were  fabricated  to  demonstrate  the 
concept  and  perform  the  preliminary  ex- 
periments. 


TOP  VIEW 
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Nickel 
Foil 


Protective  Layer 
of  Glass-Fiber  Composite 


SIDE  VIEW 


Heating-Element  Layers  of 
Graphite-Fiber  Composite 


This  Graphite/Epoxy  Composite  Heater  was  developed  to  prevent  and  reverse  the  formation 
of  ice  on  advanced  composite  surfaces  of  aircraft. 


The  electrical  resistivity,  thermal  con- 
ductivity, and  density  of  the  fibers  were 
50M.cm,  270  W/m.K,  and  2.30  g/(cm)3, 
respectively.  The  electricity  was  found  to 
penetrate  through  the  composite  in  the 
transverse  direction  to  make  the  resis- 
tance of  the  contact  between  the  foil  and 
the  composite  acceptably  low  When  the 
electrical  current  was  applied,  the  in- 
crease in  the  temperature  of  the  heater 
reached  50  percent  of  the  steady-state 
value  within  20  s. 

There  was  no  overheating  at  the  ends  of 
the  heater,  provided  there  was  no  corro- 
sion by  water.  Where  the  foil/composite 
bond  failed  during  storage,  exposure  to  liq- 
uid water  was  found  to  have  oxidized  the 
foil.  Such  failure  of  the  bond  can  be  avoid- 
ed if  perforated  nickel  foil  is  used,  so  that 
the  plies  of  the  composite  can  bond  to 
each  other  through  the  perforated  holes 
and  therefore  lock  the  foil  in  place.  How- 
ever, further  study  is  needed  to  address  the 
corrosion  of  the  foil/composite  bonding  by 


liquid  water. 

This  work  was  done  by  Ching-cheh 
Hung  of  Lewis  Research  Center  and 

Michael  E.  Dillehay  and  Mark  Stahl  of 
Cleveland  State  University.  Further  infor- 
mation may  be  found  in  NASA  TM-88888 
[N87-12559/NSP],  "A  Heater  Made  From 
Graphite  Composite  Material  for  Potential 
Deicing  Application."  [A02] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  may  be  placed  for  an  extra  fee 
by  calling  (800)  33&4700. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  In- 
quiries concerning  nonexclusive  or  ex- 
clusive license  for  its  commercial  de- 
velopment should  be  addressed  to  the 
Patent  Counsel,  Lewis  Research  Center 
Refer  to  LE  W-1 4551. /TN 


Lewis  Research  Center 

Technology  Utilization 

Officer:  Daniel  G  Soltis 

Mail  Stop  7-3 

21000  Brookpark  Road 

Cleveland,  OH  44135 

(216)433-5567 


Patent  Counsel: 
Gene  E  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)433-5753 
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Large-Angle  Magnetic  Suspension  (LAMS) 

Two  degrees  of  angular  freedom  are  provided  within  a  single  magnetic-suspension  system. 


The  spherical  LAMS  is  a  new  magnetic 
suspension  that  provides  the  dual  func- 
tions of  a  magnetic  bearing  and  a  rotor- 
gimbal  system.  It  provides  two  degrees  of 
angular  freedom  within  a  single  magnetic- 
suspension  system.  The  approach  em- 
ploys spherically-shaped  magnetic-gap 
surfaces  to  achieve  much-larger  angular 
freedom  than  that  available  from  previous 
suspensions. 

The  demand  for  power  is  satisfied  by  in- 
creasing or  decreasing  the  rotor  speeds 
symmetrically.  The  demand  for  attitude- 
control  torque  is  satisfied  by  gimbaling  the 
rotors.  The  applications  of  the  LAMS  in 
spacecraft  include  gimbaled  reaction 
wheels,  control-moment  gyroscopes,  ad- 
vanced systems  for  the  storage  and  trans- 
fer of  angular  momentum,  energy-storage 
wheels,  integrated  power  and  attitude-con- 
trol syste'ms  (IPACS's),  vibration  isolators, 
and  precision  vernier  pointing  systems. 

The  LAMS  concept  was  originally  de- 
veloped for  an  advanced  IPACS  for  the 
Space  Station  and  is  illustrated  in  Figure  1 . 
This  version  of  the  LAMS  employs  a 
Lorentz-force  magnetic  suspension  and 
permits  gimbaling  of  the  rotor  spin  axis  up 
to  approximately  23°  relative  to  the  arma- 
ture, with  only  a  small  mass  penalty.  Al- 
though the  limitation  on  the  gimbal  con- 
strains the  capacity  for  the  transfer  of 
angular  momentum,  the  IPACS  rotor  has 
an  abundance  of  capacity,  and  the  require- 
ment for  transfer  of  angular  momentum  in 
the  Space  Station  can  be  met  with  gimbal 
angles  within  this  range.  Figure  2  shows 
one  of  eight  stator-mounted  coils  that  is 
used  to  produce  five-degree-of-freedom 
actuation  when  it  interacts  with  the  nomi- 
nally-radial magnetic  field  produced  by  the 
rotor-mounted  magnetic  circuit  of  the 
Lorentz-force  LAMS. 

The  primary  advantage  of  a  magnetic 
suspension  for  a  satellite  flywheel  is  the 
lack  of  physical  contact  between  the  rotor 
and  the  stator.  Reductions  of  vibrations  and 
structural  interactions  can  also  be  ob- 
tained through  active  control.  Because 
magnetic  suspensions  require  no  lubri- 
cant, they  are  well  suited  for  use  in  a 


Levitation  Magnetic-Bearing 
Stator  (for  Testing  on  the  Ground) 


Levitation-Bearing 
Rotor 


Rotor 


Motor/Generator 
'Rotor 


Motor/Generator 
'Stator 


.Magnetic-Bearing  Rotor 
(Typical  of  Both  Ends) 


Touchdown 
Bearing 


Magnetic-Bearing  Stator 
Coils  and  Support 
(Typical  of  Both  Ends) 


Figure  1.  The  Spherical  LAMS  includes  both  magnetic  bearings  and  a  rotor-gimbal  system. 


angular  freedom  (precession  and  nutation) 
to  transfer  the  required  angular  momen- 
tum between  the  flywheels  and  the  Spaoe 
Station.  In  some  configurations,  the  LAMS 
must  also  allow  sufficient  angular  freedom 
to  reconfigure  the  flywheels  to  a  nominal 
zero  net  angular  momentum  in  the  event  of 
the  failure  of  a  single  wheel. 

This  work  was  done  by  Ronald  E. 
Oglevie  of  Rockwell  International  Corp. 
and  David  B.  Eisenhaure  and  James  R. 
Downer  of  Charles  Stark  Draper  Labora- 
tory, Inc.,  for  Langley  Research  Center. 
Further  information  maybe  found  in  NASA 
CR-3912  [N8&15338/NSP],  "Advanced  In- 
tegrated Power  and  Attitude  Control  Sys- 
tem (IPACS)  Study."  [A08] 

Copies  may  be  purchased   from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 
LAR-13587  /TN 


Figure  2.  Stator-Mounted  Colls  enable  ac- 
tuation in  five  degrees  of  freedom. 

vacuum.  The  magnetic  suspension  is  re- 
quired to  exert  control  torques  on  the 
spacecraft  and  to  cause  the  flywheels  to 
precess.  The  flywheels,  however,  are  al- 
lowed to  operate  on  touchdown  bearings 
during  severe  maneuvers.  The  magnetic 
suspension  must  allow  the  rotor  sufficient 
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Linear-Alignment  Testing  Grips 

Lateral  movements  of  grips  are  eliminated  for  thin  specimens. 


Conventional  methods  of  tensile  or 
compressive  fracture  testing  use  the  inde- 
pendent grip  system:  one  grip  is  attached 
to  the  load-indicating  device,  the  other  grip 
is  attached  to  the  load-producing  force, 
and  the  test  specimen  is  gripped  between 
the  two.  These  standard  grips  provide  no 
lateral  alignment.  This  arrangement  is  ac- 
ceptable for  most  test  specimens  because 
they  are  usually  quite  stiff  in  the  transverse 
direction,  and  lateral  motion  of  the  grips 
does  not  occur.  However,  this  is  not  the 
case  for  thin  composite  specimens,  par- 
ticularly in  compression  loading.  Lateral 
motions  of  the  grips  during  compression 
tests  bend  the  specimen  and,  therefore, 
can  substantially  affect  the  data. 

To  prevent  lateral  motions,  a  newly  de- 
signed set  of  grips  provides  lateral  align- 
ment by  the  use  of  two  rods  (see  figure). 
The  new  design  integrates  linear  bearings 
with  close-tolerance  matching  rods  into 
the  gripping  chain.  The  rods  are  fixed  into 
the  load-measurement  grip,  and  the  load- 
applicator  grip  slides  along  them.  These 
rods  do  not  interfere  with  the  force  being 
applied  but  prevent  lateral  motion  of  one 
grip  relative  to  the  other. 

These  grips  have  been  machined  and 
are  being  used  successfully  at  Langley 
Research  Center  in  tests  of  the  com- 
pressive fracture  of  thin,  notched  com- 
posites. Additional  grips  have  since  been 
designed  with  four  rods  and  bearings  for 
greater  resistance  to  lateral  motion. 

This  work  was  done  by  Mickey  R. 
Gardner  of  Langley  Research  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Langley 
Research  Center  Refer  to  LAR-13493.  fTN 

Langley  Research  Ctr. 

Technology  Utilization  Patent  Counsel: 

Officer:  John  Samos  George  F  Helfrich 

Mall  Stop  139A  Mail  Code  279 

Hampton,  VA  23665  Hampton,  VA  23665 

(804)  865-3281  (804)  865-3725 
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Rods  and  Linear  Bearings  keep  the  grips  laterally  aligned  as  they  move  up  or  down. 
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Nonlinear  Analysis 
of  Rotor  Dynamics 

Progress  is  made  toward 
understanding  rotor  vibrations. 

A  study  explores  the  analytical  conse- 
quences of  the  nonlinear  Jeffcott  equa- 
tions of  rotor  dynamics.  The  analyses 
should  eventually  lead  to  better  under- 
standing of  excessive  vibrations  in  rotating 
machinery. 

Section  1  of  the  report  includes  a  sum- 
mary of  previous  studies.  Section  2  begins 
with  the  Jeffcott  equations,  which  describe 
the  lateral  displacement  of  the  center  of 
the  rotor  from  the  equilibrium  position  in  an 
inertial,  Cartesian  coordinate  system.  The 
Jeffcott  equations  are  nondimensional- 
ized,  then  combined  by  transformation  to 
the  complex  plane  to  simplify  the  subse- 
quent analyses.  The  complex,  nondimen- 
sional  equations  are  generalized  by  the  in- 
clusion of  multiple  forcing  functions,  which 
include  such  special  cases  as  mass  imbal- 
ance, side  force,  rubbing,  and  any  combi- 
nation of  these.  The  second  section  con- 
cludes with  the  application  of  the  method 
of  multiple  scales,  which  is  an  asymptotic- 
expansion  method,  to  approximate  the  so- 
lutions to  the  Jeffcott  equations. 

A  previous  study  had  shown  that  the 
nonlinear  frequency  that  arises  when  the 
homogeneous  Jeffcott  equations  provide  a 
part  of  the  total  steady-state  solution  can 
be  absent  or  present,  depending  on  the 
magnitude  of  the  forcing  function.  Section 
3  of  the  report  proves  two  theorems  that 
provide  inequalities  on  the  coefficients  of 
the  differential  equations  and  the  magni- 
tude of  the  forcing  function  in  the  absence 
of  side  force.  These  inequalities  are  useful 
in  deciding  a  priori  whether  a  given  set  of 
equation  parameters  will  produce  a 


steady-state  response  that  depends  solely 
on  the  forcing  function  (yielding  a  circular 
displacement  trajectory)  or  a  response 
that  also  includes  a  nonlinear  frequency 
term  (yielding  a  displacement  trajectory 
that  occupies  an  annulus).  Several  numeri- 
cal examples  along  with  frequency-re- 
sponse curves  are  then  studied  in  light  of 
these  theorems. 

Section  4  begins  the  numerical  investi- 
gation of  the  multiple-forcing-function 
problem  by  introducing  both  side  force  and 
mass  imbalance;  this  combination  is  the 
most  intensely  studied  special  case.  The 
addition  of  the  side  force  to  the  nonlinear 
problem  is  predicted  to  cause  a  constant 
shift  of  displacement  in  the  solution  of  the 
corresponding  nonlinear  problem  without 
side  force  and  to  deform  circular  trajec- 
tories and  annuli  to  elliptical  trajectories 
and  annuli,  respectively.  This  prediction  is 
confirmed  by  examination  of  a  previous 
study  of  the  effects  of  bearing  deadbands 
on  bearing  loads  and  instabilities  of  rotors. 

Section  5  presents  examples  of  numeri- 
cal solutions  of  the  complex,  generalized 
Jeffcott  equation  with  two  forcing  functions 
of  different  frequencies  f1  and  f2.  The 
power  spectral  densities  of  the  calculated 
displacements  contain  not  only  f1  and  f2 
but  also  some  or  all  frequencies 
\n,f:+n2f2±p\, 

where  (i  is  the  nonlinear  frequency  from 
the  homogeneous  portion  of  the  Jeffcott 
equation,  and  n1  and  n2  are  integers. 
Which  of  these  frequencies  appears 
depends  on  the  relative  magnitudes  of  the 


coefficients  of  the  homogeneous  equation 
and  the  amplitudes  of  the  forcing  func- 
tions. 

Section  6  deals  with  the  boundedness 
and  stability  of  solutions.  Two  theorems 
along  with  a  novel  mathematical  represen- 
tation of  the  Jeffcott  equations  are  present- 
ed. New  boundedness  results  are  also 
studied  by  comparing  the  behavior  of  the 
nonlinear  solution  with  that  of  the  cor- 
responding linear  problem.  Finally,  numeri- 
cal results  are  included  to  illustrate  the 
conjecture  that  the  boundedness  of  the 
nonlinear  solution  is  predicted  by  that  of 
the  linear  solution. 

Section  7  concludes  the  report  by  re- 
viewing the  analytical  results  and  their  sig- 
nificance. It  also  calls  many  solutions,  in- 
cluding those  of  this  report,  into  question 
by  observing  that  heretofore  the  initial  con- 
ditions have  been  ignored  as  a  vital  factor 
in  determining  the  analytic  solution.  There- 
fore, the  authors  suggest  further  examina- 
tion of  the  effects  of  initial  conditions. 

This  work  was  done  by  William  B.  Day 
and  Richard  Zalik  of  Auburn  University  for 
Marshall  Space  Flight  Center. 
"Nonlinear  Rotor  dynamics  Analysis," 
MFS-26051  fTN 
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Spark  Igniters 
Fit  in  Correct 
Locations  Only 

Pins  create  interference  if 
incorrect  assembly  is  attempted. 


When  two  different  types  of  spark  ignit- 
ers must  be  used  on  the  same  engine,  a 
simple  expedient  ensures  that  each  igniter 
is  inserted  in  the  correct  hole.  Damage  to 
the  engine  and  consequent  failure  are 
thereby  avoided. 

A  set  of  four  solid  or  roll  pins  is  added  to 
the  base  of  one  type  of  spark  igniter  but  not 
to  the  other  type.  The  pins  are  oriented  in 
such  a  way  that  they  will  interfere  with  the 
engine  structure  if  the  base  is  inserted  in 
the  wrong  socket. 

The  base  of  an  igniter  can  be  reworked 
at  minimal  cost  to  accommodate  the  pins. 
The  wall  of  the  base  is  heavy  enough  that 
blind  holes  can  be  drilled  in  it  for  the  pins. 

This  work  was  done  by  Fred  J. 
Wendland  of  Rockwell  International  Corp. 
for  Marshall  Space  Flight  Center.  No  fur- 
ther documentation  is  available. 
MFS-29370/TN 

Pins  in  the  Base  of  a  spark  igniter  allow  the 
part  to  be  inserted  in  only  one  type  of  hole. 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  24 1 
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Stiffening  Rings  for 
Rocket-Case  Joints 

Loss  of  seal  may  be 
preventable. 

Stiffening  rings  may  help  to  prevent  the 
loss  of  seal  at  joints  between  segments  of 
solid-fueled  rocket  motors,  according  to  a 
report.  The  rings  were  developed  and  test- 
ed in  response  to  the  catastrophic  failure  of 
the  Challenger,  which  has  been  attributed 
to  the  rotation  of  the  tang  with  respect  to 
the  clevis  and  the  consequent  opening  of 
an  O-ring  seal  in  such  a  joint.  The  stiffening- 
ring  concept  may  also  be  applicable  to 
segmented  terrestrial  pressure  vessels. 

A  pair  of  stiffening  rings  is  to  be  installed 
near  each  joint  —  one  on  the  tang  side,  the 
other  on  the  clevis  side.  The  rings  are 
meant  to  alter  the  deformation  of  the  case, 
which  occurs  under  the  pressure  of  rocket 
firing.  The  new  pattern  of  deformation  is  to 
be  such  that  the  rotation  of  the  compo- 
nents of  the  joint  with  respect  to  each  other 
is  reversed  from  that  caused  by  the  normal 
outward  bulge  at  the  joint,  or  else  elimi- 
nated. Elimination  or  reversal  of  the  rota- 
tion by  a  suitable  amount  should  prevent 
the  opening  of  a  gap  on  the  O-ring,  thus 
preserving  the  seal. 


The  alteration  in  the  behavior  of  the 
structure  is  primarily  a  function  of  the  stiff- 
ness of  the  rings,  which  is  the  product  of 
the  hoop  modulus  and  the  cross-sectional 
area  of  the  ring.  Graphite-fiber/epoxy  com- 
posite was  chosen  as  the  ring  material  be- 
cause of  its  high  ratio  of  stiffness  to  weight. 
Two  rings  were  wound,  one  near  the  tang 
on  one  segment  and  the  other  near  the 
clevis  on  a  mating  segment  of  a  test  rocket 
case.  The  rings  and  the  joints  were  in- 
strumented to  measure  stresses  and 
strains.  The  joint  was  assembled  and 
tested  twice  without  shims,  with  custom 
shims,  and  with  offset  shims.  In  each  test, 
the  interior  of  the  case  was  pressurized  to 
1,020  psi  (7.03  MPa)  for  130  s. 

The  measured  hoop  strains  showed  that 
the  rings  reversed  the  rotation  to  approxi- 
mately the  anticipated  degree.  In  the 
presence  of  custom  shims,  the  O-ring  gap 
opening  was  kept  to  an  averag^  of  0.1  mil 
(2.5  /im),  as  compared  to  30  to  40  mils  (0.8 
to  1.0  mm)  without  the  stiffening  rings.  Al- 
though the  rings  became  unbonded  from 


the  cases  in  some  areas  early  in  the  tests, 
they  continued  to  work  without  adverse  ef- 
fects. The  maximum  principal  stresses  be- 
hind the  pinholes  on  the  clevis  were  40 
percent  lower  than  the  corresponding 
stresses  in  the  absence  of  the  rings.  The 
hoop  strains  were  nearly  identical  in  all  the 
tests. 

This  work  was  done  by  Bryce  W. 
Thompson,  Larry  G.  Adams,  andMeldond 
Mcintosh  of  Morton  Thiokol,  Inc.,  for  Mar- 
shall Space  Right  Center. 
"SRM  Joint  Deflection  Referee  2A 
(Composite  Overwrap)  Test  Report," 
MFS-28269/TN 
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Computer  Programs  Analyze  Structural  Problems 


A  library  of  easily  accessible 
computer  programs,  designed  to 
analyze  six  common  structural 
and  civil  engineering  problems 
individually,  has  been  developed 
by  the  Naval  Civil  Engineering 
Laboratory  (NCEL),  Port 
Hueneme,  California. 

Free  from  proprietary 
limitations,  each  program  is 
simple  to  understand  and  is 
smaller  in  scope  than  large 
commercial  programs. 

The  index  of  information  was 
begun  approximately  12  years 
ago.  The  programs  have  been 
tested  extensively  and  have 
proven  reliable  in  solving  daily 
structural  problems  facing 
engineers  who  work  in  the  field. 

A  user  manual  and  instruc- 
tions are  included  with  each  of 
the  following  structural  analysis 
programs:  plane  frame,  plane 
truss,  grid  frame,  space  frame, 


continuous  beam,  and  space 
truss.  Structures  are  analyzed 
for  axial  loads,  shear  forces  and 
moments  only. 

Each  program  is  isolated  on  a 
floppy  diskette  (360,000  bytes) 
and  designed  to  run  on  the  IBM- 
PC,  XT  and  AT,  Zenith,  or 
compatibles.  Each  diskette 
contains  the  source  program, 
compiled  version,  and  an  example 
of  input  and  output. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service, 
Code  E211, 

Naval  Surface  Weapons  Center, 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  121201/TN 
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NAVAL  CIVIL  ENGINEERING  LABORATORY 
PORT  HUENEME,  CALIFORNIA  93043 


Grid  Frame  Computer  Program 


A  library  of  computer  programs  has  been  developed  by  NCEL  to  indi- 
vidually analyze  six  common  structural  and  civil  engineering  problems. 
These  computer  programs,  called  Structural  Analysis  Code  Kit  ("SACK"), 
augment  the  NAVFAC  library  of  GEMS  micro-computer  programs  by 
focusing  on  the  field  engineer's  requirements  to  check  analysis  and 
design  work  performed  by  contract.     By  using  the  described  methods, 
Public  Works  and  Engineering  Field  Division  engineers  can  rapidly 
evaluate  probably  80%  of  the  structural  designs  encountered  in  typical 
Navy  facilities. 

This  program  analyzes  grids  of  prismatic  bars  that  take  shear  forces, 
torsion,  and  moments.     Presently,  it  can  handle  grids  having  50  members 
and  50  joints.     Any  joint  can  be  given  vertical  and  angular  displacements. 
The  program  also  has  the  option  to  analyze  a  circular  ring  of  a  constant 
cross  section.     Hinges  can  be  accounted  for  by  placing  a  short,  flimsy 
member  at  the  desired  hinge  location. 


Vector    representing 
a    rotation 


AMS 


<h 


6' 


/  ^s^  Vector    representing 
AM6  »    <<*« 


Typical  axes  orientation  for  a  grid  frame  mem- 
ber; positive  directions  shown. 
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Specifically,  this  computer  program: 

°     Is  free  from  proprietary  limitations 

0     Is  smaller  in  scope  than  large  commercial  programs 

0     Is  very  simple  to  understand  and  use 

°     Runs  on  an  IBM-PC,  XT,  or  AT  or  IBM  compatible 

°     Is  stored  on  a  360K  floppy  diskette 

°     Can  be  automatically  booted  from  the  floppy  diskette  or 

installed  on  a  hard  disk 
0     Will  not  be  come  obsolete  when  new  building  codes  are 

developed 
°     Comes  with  user  manual  and  instructions 
°     Can  be  taught  in  a  one-day  session;  arrangements  can 

be  made  through  the  NCEL  contact 

This  program  has  been  extensively  tested  at  the  Naval  Construction 
Battalion  Center,  Port  Hueneme,  and  the  Pacific  Missile  Test  Center, 
Point  Mugu,  where  it  has  proven  reliable  in  solving  typical  structural 
problems. 

FOR  ADDITIONAL  INFORMATION:     Contact  Jerry  Dummer,  Code  L03C, 
Facilities  Engineering  Support  Office;  (805)  982-4070.     Refer  to  88-08/TN. 
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Plane  Truss  Computer  Program 


A  library  of  computer  programs  has  been  developed  by  NCEL  to  indi- 
vidually analyze  six  common  structural  and  civil  engineering  problems. 
These  computer  programs,  called  Structural  Analysis  Code  Kit  ("SACK"), 
augment  the  NAVFAC  library  of  GEMS  micro-computer  programs  by 
focusing  on  the  field  engineer's  requirements  to  check  analysis  and 
design  work  performed  by  contract.     By  using  the  described  methods, 
Public  Works  and  Engineering  Field  Division  engineers  can  rapidly 
evaluate  probably  80%  of  the  structural  designs  encountered  in  typical 
Navy  facilities. 

This  program  analyzes  plane  trusses  of  prismatic  bars  that  take  axial 
loads  and  shear  forces.     Presently,  it  can  handle  trusses  having  50 
members  and  50  joints.     Any  joint  can  be  given  vertical  and  horizontal 
displacements. 

Specifically,  this  computer  program: 


Is  free  from  proprietary  limitations 

Is  smaller  in  scope  than  large  commercial  programs 

Is  very  simple  to  understand  and  use 


AM  3 


Vector     representing 
a    force 


@ 


26667*  16667' 

Load    Case    1 


Load    Case    2 


Typical  axes  orientation  for  a  plane  truss  mem- 
ber; positive  directions  shown. 
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Runs  on  an  IBM-PC,  XT,  or  AT  or  IBM  compatible 

Is  stored  on  a  360K  floppy  diskette 

Can  be  automatically  booted  from  the  floppy  diskette 

or  installed  on  a  hard  disk  * 

Will  not  become  obsolete  when  new  building  codes  are  " 

developed 

Comes  with  user  manual  and  instructions 

Can  be  taught  in  a  one-day  session;  arrangements  can 

be  made  through  the  NCEL  contact 


This  program  has  been  extensively  tested  at  the  Naval  Construction 
Battalion  Center,  Port  Hueneme,  and  the  Pacific  Missile  Test  Center, 
Point  Mugu,  where  it  has  proven  reliable  in  solving  typical  structural 
problems. 


FOR  ADDITIONAL  INFORMATION:    contact  Jerry  Dummer,  Code  L03C, 
Facilities  Engineering  Support  Office;  (805)  982-4070.     Refer  to  88/07/TN. 
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From  the  Bureau  of  Mines,  United  States  Department  of  the  Interior 


Structural  Analysis  Computer  Program  for  Mine  Design 


The  Bureau  of  Mines  has  developed  MULSIM/BM,  an  improved  computer 
program  using  the  boundary  element  approach  for  geomechanical  analysis  of 
mine  plans  in  single  or  multiple  coal  seams.  The  report  presents  the  improved 
features  of  the  MULSIM/BM  program.  The  four  major  improvements  are  the 
following:  (1)  Ability  to  specify  up  to  26  material  property  sets;  (2)  a  new  material 
model  capability  for  gob  and  inserted  materials,  such  as  packwalls  or  cribs;  (3) 
ability  to  model  a  large  area  with  a  grid  of  undivided  blocks  and  to  subdivide  only  a 
specified  fine-mesh  portion  of  these  blocks  into  elements;  and  (4)  specification  of 
extraction  ratios  for  the  undivided  blocks.  In  addition,  an  interactive  graphics 
mesh  generator  program  was  written  to  accompany  MULSIM/BM.  A  complete 
user's  guide  and  program  listings  are  provided  in  appendises  to  the  report.  The 
nine-track  computer  tape  is  written  at  the  density  of  1,600  bits  per  inch,  using 
unlabeled  tape  format.  The  programs  are  written  in  ASCII  code  as  4,960  fixed 
length  records,  or  card  images,  with  80  characters  per  record. 

Software  Description:  The  model  is  written  in  the  FORTRAN  programming 
language  for  implementation  on  a  CDC  Cyber  170  Computer  using  the  NOS2 
operating  system. 

For  Additional  Information: 

For  information  about  ordering  this  software,  contact  the 

NTIS  Federal  Computer  Products  Center,  NTIS,  5285  Port  Royal  Road,  Spring- 
field, VA  22161;  (703)  487-4763. 
Refer  to  PB88-129465/NAC 

Source  tape  is  in  the  ASCII  character  set.  This  restricts  preparation  to  9  track, 
one-half  inch  tape  only.  Identify  recording  mode  by  specifying  density  only.  Price 
includes  documentation,  PB88- 129473. 
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Improved  Impulse  Programmer  for  Hydraulic 
Simulator 


A  hydraulically  powered  artillery  firing  test  simulator  was  constructed 
at  Rock  Island  Arsenal  during  the  mid-1970s.     A  major  portion  of  proof 
acceptance  tests  was  to  be  conducted  on  the  simulator  in  lieu  of  live 
firing  or  powder  gymnastication.     However,  the  simulator,  while  being 
more  cost  effective,  safer  and  nearly  silent,  could  not  accurately 
duplicate  the  recoil  pressure  impulse  generated  by  live  firing  tests. 
Hydraulic  simulation  imparted  a  slightly  more  abrupt  time/force  curve 
on  the  recoil  mechanism. 

The  impulse  programmer  is  the  impacting  interface  between  the 
simulator's  velocity  generator  and  the  recoil  mechanism  being  tested. 
It  provides  an  adjustable  means  to  apply  loads  to  the  recoil  mechanism 
undergoing  test.     As  a  result  of  this  project,  a  modified  piston  and 
sleeve  were  installed  in  the  impulse  programmer  in  September  1  985 
thereby  correcting  the  abrupt  impulse  problem.     A  computer  model 
developed  for  this  project  is  also  being  used  for  optimizing  designs 
for  future  hydraulic  simulators,  for  analyzing  problems  encountered 
during  testing  and  for  optimizing  test  parameters  when  qualifying 
the  equipment  for  new  recoil  mechanisms. 

FOR  ADDITIONAL  INFORMATION:     Gaylen  Fischer,  AMXIB-PS, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-3682. 
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Measuring  Flow  by  Holographic  Interferometry 

The  flow  field  is  reconstructed  by  computer-aided  tomography. 
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Figure  1.  A  Holographic  Interferogram  is  formed  on  the  photographic  plate  by  the  interfer- 
ence between  the  object  and  reference  beams.  Double-exposure  interferograms  taken  with 
the  blade  rotating  and  stationary  at  various  positions  are  processed  to  reconstruct  mathe- 
matically the  airflow  about  the  blade. 


A  method  for  determining  the  flow  of  air 
about  a  model  helicopter-rotor  blade  com- 
bines the  techniques  of  holographic  inter- 
ferometry and  computer-aided  tomog- 
raphy. The  transonic  flow  field  obtained  by 
applying  the  method  to  a  1/7-scale  blade 
operating  at  a  tip  speed  of  mach  0.90 
agreed  well  with  a  nonviscous  theoretical 
flow  field,  except  in  a  small  region  near  the 
tip  where  the  computer  code  did  not  pre- 
dict a  shock  wave  that  is  observed  there. 

The  holographic  apparatus  is  illustrated 
in  Figure  1.  A  single  rotor  blade  balanced 
by  a  counterweight  is  mounted  in  the  ob- 
ject beam  with  a  field  of  view  2  ft  (0.6  m)  in 
diameter.  Holographic  interferograms  of 
the  blade  and  the  surrounding  air  are  re- 
corded on  photographic  plates,  using 
pulses  from  a  ruby  laser  having  a  duration 
of  20  ns,  wavelength  of  694.3  nm,  and  en- 
ergy of  1  J.  At  each  of  40  azimuthal  posi- 
tions of  the  blade,  two  holograms  are  taken 
in  a  double  exposure:  one  when  the  blade 
is  stationary  and  one  when  the  blade  is  ro- 
tating at  the  speed  for  which  the  flow  is  to 


MEASURED  ( BY  HOLOGRAPHYfTOMOGRAPHY) 


SIMULATED  NUMERICALLY 


Figure  2.  Perturbation-Velocity  Distributions  on  a  plane  above  the  blade  in  the  tip  region  were  obtained  by  the  holography/computer-aided-to- 
mography method  and  by  numerical  simulation  of  the  flow.  The  greater  roughness  in  the  former  may  be  due  to  vibrations  of  the  measuring  in- 
struments, noise,  or  coarseness  of  the  experimental-data  grid. 
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be  measured. 

The  first  exposure  on  each  plate  con- 
tains the  interference-fringe  pattern  that 
arises  from  the  spatially  uniform  index  of 
refraction  of  undisturbed  air;  the  second 
exposure  contains  the  fringe  pattern  due  to 
the  nonuniform  refractive-index  distribu- 
tion of  the  flowing  air.  Thus,  the  local  fringe 
order  in  the  developed  photographic  plate 
represents  the  integral,  along  the  line  of 
sight,  of  the  difference  between  the  refrac- 
tive indices  in  the  presence  and  absence  of 
flow,  respectively. 

The  interferograms  in  the  plates  are  dig- 
itized,  and  the  fringe-order  numbers  and 


coordinates  are  recorded  along  scans  at 
various  heights  above  the  blade.  The 
fringe-order  data  serve  as  input  for  a 
filtered-back-projection  computer-aided- 
tomography  code  used  to  compute  the  re- 
fractive-index field  at  designated  points  in  a 
horizontal  plane  above  the  plane  of  the 
blade.  The  density  field  of  the  flowing  air  is 
obtained  from  the  refractive-index  field  via 
the  simple  proportionality  between  the 
density  and  the  index  of  refraction  minus  1 . 
Bernoulli's  equation  for  steady,  com- 
pressible, isentropic  flow  in  the  frame  of 
reference  of  the  moving  blade  is  used  to 
obtain  the  perturbation-velocity  field  from 


the  density  field  (see  Figure  2).  These 
calculations  are  performed  in  several 
planes  above  the  blade  to  obtain  the  entire 
three-dimensional  velocity  field  in  the 
vicinity  of  the  tip  of  the  blade. 

This  work  was  done  by  Yung  H.  Yu  of 
Ames  Research  Center  and  John  K. 
Kittleson  of  the  University  of  California,  Los 
Angeles. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to  ARC-11728./TN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 
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Analog  Sensor  of  Large-Amplitude 
Displacements 

A  noninvasive  device  measures  large  amplitudes 
even  at  low  frequencies. 


Delicate,  large  space  structures  have 
shown  some  adverse  changes  in  motion 
due  to  the  attachment  of  measuring  de- 
vices. This  problem  generated  a  need  for 
noninvasive  measurements,  at  a  signifi- 
cant number  of  locations,  of  a  model  sub- 
jected to  large-amplitude  displacements. 
Most  devices  now  in  use  are  attached 
electrically  and/or  mechanically.  For  ex- 
ample, there  are  devices  that  are  on  the 
model,  such  as  strain  gauges  and  acceler- 
ometers,  and  those  that  touch  the  model, 
such  as  linear  variable-differential  trans- 
formers (LVDT's).  Proximity  devices,  laser 
reflectors,  and  optical  target  devices  are 
complicated,  expensive,  and  inaccurate. 
On  the  other  hand,  the  model  analog  posi- 
tion sensor  (see  figure)  is  easily  set  up  or 
relocated,  requires  little  from  the  model  to 
be  measured,  and  is  an  inexpensive  and 
practical  solution  to  the  problem. 

Such  sensors  are  a  line  of  limited-view 
light  cells  attached  to  logic  circuits  that 
keep  track  of  the  passing  dark  edge  and 
that  put  out  a  signal  proportional  to  the 
change  in  location  of  the  model.  The  output 
signal  can  be  digital,  or  it  can  be  converted 
to  analog. 

The  model  can  be  dark  against  a  bright 
background  or  well  lighted  against  a  dark 


background.  The  brightness  can  come 
from  sources  as  small  as  ordinary  office 
light.  The  model  can  be  as  much  as  6  ft 
(1.8  m)  away  and  moving,  and  it  does  not 
have  to  be  moving  only  in  the  plane  of  the 
sensing  device.  The  field  of  view  of  each 
sensing  element  is  a  cone  less  than  8° 
wide.  The  output  from  each  sensing  ele- 
ment is  interpreted  by  electronic  latches  to 
keep  track  of  the  moving  leading  edge  of 
the  model.  The  system  can  locate  a  model 
that  has  little  mass  and  is  as  small  as  a 
human  finger  moving  at  large  amplitudes, 
and  it  does  not  intrude  on  the  model  being 
measured. 

While  motivated  by  requirements  for 
large  space  structures,  this  device  could 
be  of  use  in  many  other  applications,  in- 
cluding the  opening  and  closing  of  auto- 
matic doors  as  far  and  as  fast  as  needed. 
This  type  of  low-angle,  light-sensitive 
device  can  be  designed  as  a  self-contained 
unit  to  measure  large  amplitudes,  even  at 
low  frequencies  where  accelerometers 
are  not  adequate. 

This  work  was  done  by  Robert 
Miserentino  of  Langley  Research  Center 
and  William  C.  White  of  Wyle  Laboratories. 
No  further  documentation  is  available. 
LAR-13731  fTN 


Blnary-to-Blnary- 

Coded-Declmal- 

Encoder 


I 


Validation  of 
Data  Command 


Binary -Coded 
Decimal  8  Lines 


Data 
Latching 


j  Binary-Coded 
I  Decimal  8  Lines 


Output  for 
-  External  Digital 
Processor 


Digltal-to- 

Analog 
Converter 


\7 


Analog-Signal 
Conditioner 


Output  for  External 
Analog  Control  Circuit 

The  Low-Angle,  Light-Sensitive  System  can 

track  the  moving  leading  edge  of  a  model. 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


1042 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


< 


Predicting  Temperatures  in  Ball  Bearings 

Computer  simulations  speed  design  studies. 


The  thermal  analysis  of  high-speed, 
rolling-contact  bearings  has  matured  so 
much  that  computerized  numerical  simu- 
lations can  sometimes  replace  expensive, 
time-consuming  full-scale  experiments. 
With  currently-available  computer  pro- 
grams, engineers  can  now  obtain  false- 
color  graphical  maps  of  transient  and 
steady-state  temperature  fields  in  bearings 
and  races,  even  in  the  presence  of  such 
complicating  factors  as  cooling  by  convec- 
tion. With  the  help  of  these  plots,  the  ef- 
fects of  changes  in  design  or  in  operating 
conditions  can  be  visualized  quickly  and 
easily. 

Analyses  can  be  performed  in  two  or 
three  dimensions.  The  sizes  and  shapes  of 
components  are  approximated  by  zones 
or  nodes  connected  by  gridlines.  From  the 
geometric  information  about  the  grids  and 
from  boundary  conditions,  the  properties 
of  the  bearing  and  lubricant  materials,  and 
other  information  supplied  by  users,  the 
thermal-analysis  programs  generate  math- 
ematical models  for  thermal  transport. 
These  models  resemble  electrical  circuits, 
with  thermal  capacitance,  thermal  resist- 
ance, temperature,  and  the  flow  of  heat  as 
the  analogs  of  electrical  capacitance,  elec- 
trical resistance,  voltage,  and  current,  re- 
spectively. The  differential  equations  of  the 
models  are  solved  by  finite-difference  tech- 
niques. 

The  figure  shows  the  results  of  a  steady- 
state  analysis  of  a  ball  and  the  races  in  a 
thrust  bearing  designed  to  operate  in  liquid 
oxygen.  The  ball  is  modeled  as  five  con- 
centric spherical  shells.  Each  of  the  four  in- 
ner shells  is  represented  as  one  node.  The 
fifth  shell,  which  depicts  the  outer  surface 
of  the  ball,  contains  55  nodes.  Each  sur- 
face node  is  connected  to  the  adjacent 
nodes,  and  all  are  radially  connected  to 
the  fourth  node. 


Isothermal  Bands  are  depicted  in  color  on  the  computational  grid  that  represents  a  thrust 
bearing.  The  numbers  denote  the  temperatures  at  the  edges  of  the  color  bands. 


As  the  ball  rolls  around  the  races,  fric- 
tional  heating  at  the  two  contact  spots 
forms  heated  bands  on  the  races  and  on 
the  ball.  The  band  on  the  ball  does  not 
spread  all  over  the  surface  because  the 
ball  rolls  along  the  same  great  circle  on  its 
surface  over  a  relatively  long  time. 


This  work  was  done  by  William  R. 
Wagner  and  Brad  Ft.  Hemmings  of  Rock- 
well International  Corp.  for  Marshall 
Space  Right  Center  MFS-29285  /TN 
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TECHNICAL  GUIDANCE  FOR  GROUNDWATER  MONITORING 


Key  words:  Groundwater;  water  quality;  waste 
management;  monitoring  procedures 


Monitoring  groundwater  quality  is  a  key 
element  of  groundwater  protection  and  is 
mandated  by  several  federal  and  state  laws 
concerned  with  water  quality  or  waste 
management.  Numerous  regulatory  guidance 
documents  and  technical  reports  discuss 
groundwater  monitoring  procedures,  but  no  single 
guide  contains  procedures  and  practices  for 
groundwater  monitoring.  Identification  of 
Technical  Guidance  Related  to  Ground  Water 
Monitoring  was  prepared  by  ORNL,  with 
extensive  support  from  International  Technology 
Corporation  (under  subcontract),  to  assist 
responsible  personnel  in  identifying  appropriate 
regulatory  guidance  and  other  technical  resources 
for  groundwater  monitoring. 

Over  160  documents  (including  EPA  regulatory 
manuals,  government  contractor  reports,  books, 
and  recent  journal  articles)  on  topics  related  to 
groundwater  monitoring  were  evaluated  for  their 
technical  merit,  utility  as  guidance  for  regulatory 
compliance,  and  relevance  to  DOE  needs.  For 
each  of  15  technical  topics  involved  in 
groundwater  monitoring  (e.g.,  monitoring  system 
design,  health  and  safety  procedures,  sampling 
quality  assurance),  the  report  presents  (1)  a 
review  of  federal  regulatory  requirements  and 
representative  state  requirements,  (2)  brief 
descriptions  of  the  contents  and  merits  of 


applicable  guidance  documents  and  technical 
references  (including  individual  sections  or 
chapters  of  longer  documents),  and 
(3)   recommendations  of  the  guidance 
documents  or  other  technical  resources  that 
appear  to  be  most  appropriate  for  use  in  DOE 
monitoring  activities. 

The  contents  of  this  report  are  applicable  to 
monitoring  activities  involving  both  radioactive 
and  nonradioactive  substances.  Most  of  the 
information  was  current  as  of  June  1986; 
significant  regulatory  developments  through 
October  1,  1986,  are  reflected  in  the  text.  The 
following  are  the  main  sources  of  regulatory 
requirements  considered: 

•  Atomic  Energy  Act  (including  the  Uranium  Mill 
Tailings  Radiation  Control  Act); 

•  Resource  Conservation  and  Recovery  Act 
(RCRA); 

•  Comprehensive  Environmental  Response, 
Compensation,  and  Liability  Act  (CERCLA); 

•  Safe  Drinking  Water  Act; 

•  Toxic  Substances  Control  Act  (TSCA);  and 

•  Federal  Water  Pollution  Control  Act. 

This  report  should  help  governmental  and 
industrial  managers  who  are  responsible  for 
groundwater  monitoring  to  identify  the 
ingredients  of  monitoring  programs  that  will 
provide  technically  defensible  data  and  that  will 
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meet  regulatory  requirements.  Technical 
personnel  engaged  in  groundwater  investigations 
and  monitoring  should  find  the  report  to  be  a 
valuable  reference  for  day-to-day  use  in 
identifying  sources  of  technical  information. 


Additional  information: 


National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

R.  R.  Vogelsberger  et  al..  Identification  of  Technical 
Guidance  Related  to  Ground  Water  Monitoring, 
ORNL/TM- 10296,  Oak  Ridge  National  Laboratory 
(May  1987). 
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&EPA        Project  Summary 

Interim  Protocol  for  Measuring  Microbial 
Transformation  Rate  Constants  for  Suspended 
Bacterial  Populations  in  Aquatic  Systems 


An  interim  protocol  for  performing 
research  to  measure  microbial 
degradation  rates  of  organic 
chemicals  in  freshwaters  is 
presented.  Microbial  degradation  is  a 
major  transformation  pathway 
influencing  the  environmental  fate  of 
chemicals.  The  interim  protocol 
presented  provides  a  basis  for 
measurement  of  microbial 
degradation  rates  such  that  reliable, 
comparable  and  consistent  data  can 
be  obtained  by  different  laboratories 
and  research  investigations.  As 
additional  research  and  information 
is  gathered  on  the  environmental 
factors  affecting  microbial 
degradation  by  suspended  bacterial 
populations  in  freshwater,  the 
outlined  protocol  will  be  modified. 

This  Project  Summary  was 
developed  by  EPA's  Environmental 
Research  Laboratory,  Athens,  GA,  to 
announce  key  findings  of  the 
research  project  that  is  fully 
documented  in  a  separate  report  of 
the  same  title  (see  Project  Report 
ordering  information  at  back). 

Introduction 

Under  the  Toxic  Substances  Control 
Act  of  1976  (PL  94-469),  EPA's  Office 
of  Toxic  Substances  is  required  to  review 
the  potential  risk  to  human  health  and  the 
environment  posed  by  new  chemicals 
before  manufacture  and  use  are 
permitted.  For  many  chemicals,  microbial 
degradation  is  a  major  transformation 
pathway  that  influences  their 
environmental  fate.  Therefore,  in 
assessing  risk,  it  is  necessary  to  have 
some  estimate  of  the  microbial 
transformation  rate  of  each  chemical. 

The  Office  of  Toxic  Substances 
estimates  microbial  transformation  rates 
of  chemicals  proposed  for  manufacture 
by  comparing  each  new  chemical's 
organic  structure  (or  other  known 
properties)  with  those  of  chemicals 
whose  microbial  transformation  rates 
have  been  established.  Chemicals  with 
similar  structures/properties  are  expected 


to  have  similar  microbial  transformation 
rates.  Unfortunately,  microbial 
transformation  rates  and  rate  constants 
have  been  measured  for  only  a  few 
chemicals.  Investigations  are  being 
expanded,  however,  as  a  better 
understanding  of  the  many  environmental 
factors  that  influence  microbial 
degradation  is  achieved.  Much  remains 
to  be  learned  about  ways  in  which 
population  density  and  diversity, 
accessibility  of  chemical  substrate  within 
microcosms,  and  other  factors  influence 
transformation  rates. 

While  these  investigations  continue,  it 
is  necessary  to  provide  measured 
microbial  transformation  rates  for 
chemicals  based  on  current  knowledge. 
These  microbial  rates  must  be  measured 
in  a  manner  that  is  reproducible  and  that 
assures  the  results  of  measurement  of 
one  chemical  can  be  compared  to  those 
of  another  with  confidence,  even  though 
the  influence  of  some  environmental 
factors  is  not  fully  understood. 

This  report  represents  a  sampling  and 
measurement  protocol  that  has  been 
applied  over  several  years  at  the 
Environmental  Research  Laboratory, 
Athens,  GA.  The  methodology  has  been 
found  to  provide  reproducible  second- 
order  rate  constants  using  suspended 
natural  populations  in  aerobic  aquatic 
systems.  Transformation  rate  is  based  on 
the  rate  of  disappearance  of  the  test 
chemical. 

The  interim  protocol  provides  a 
stepwise  description  of  methods  for 
establishing  aerobic  biodegradation 
investigations.  In  a  typical  biodegradation 
study,  natural  aquatic  sites  within  the 
vicinity  of  the  investigator's  laboratory 
are  sampled.  Water  temperature  is 
recorded,  and  the  samples  are 
transported  to  the  laboratory.  After 
receipt  at  the  laboratory,  samples  are 
filtered  to  remove  coarse  debris. 

Population  densities  should  be 
measured  by  standard  plate  counts 
(heterotrophic  plate  counts).  This 
characterization  serves  to  establish  the 
baseline    population    density    of    the 
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ambient  water  and  to  determine  the  need 
for  a  concentration  procedure  for 
increasing  population  densities  in  order 
to  observe  measurable  rates  in  the 
transformation  of  test  chemicals. 

The  time  lapse  between  sampling  and 
initiation  of  the  rate  constant 
measurement  phases  should  be  no  more 
than  12  hours.  Once  the  microbial 
samples  have  been  returned  to  the 
laboratory,  handling  prior  to  experimental 
rate  constant  measurement  can  take  two 
courses. 

In  one  procedure,  the  sample  is  used 
at  the  natural  population  density  when 
sampled.  The  test  chemical  is  added  and 
the  chemical's  transformation  rate  is 
measured. 

In  the  alternative  procedure,  the 
natural  microbial  population  is  enhanced 
through  a  concentration  step.  This  10:1 
concentration  step  requires  larger 
volumes  of  source  water. 

Bacterial  populations  in  water  samples 
are  concentrated  10-fold  by  filtering  10 
liters  through  a  membrane  filter  (0.2  pm 
pore  diameter,  Nucleopore  or  equivalent) 
that  has  been  prewashed  with  distilled 
water.  After  filtration,  filters  are  placed  in 
a  2-liter,  wide-mouth,  cotton-plugged 
Erlenmeyer  flask  containing  1  liter  of  the 
original  source  sample. 

Sterile,  aqueous,  concentrated  stock 
solutions  of  nutrients  are  prepared  to 
yield  concentrations  (g/L)  of  each  of  the 

following:  NH4CI  (0.5),  (NH4)2S04  (0.5). 
Na2HP04  (0.5),  KH2P04  (0.5),  MgS04 
(0.001),  and  FeCI3  (0.001).  No  more  than 
1  mL  of  each  nutrient  is  added  to  the 
concentrated  bacterial  population.  These 
bacterial  suspensions  are  then  incubated 
for  48  hours  at  22  °C  in  a  temperature- 
controlled  shaker  (150  to  200  rpm) 
before  each  experiment  is  initiated.  This 
procedure  enhances  the  bacterial 
population   10-  to  100-fold. 

Bacterial  concentrations  are 
determined  by  pour  plating  techniques 
using  Tryptone  Glucose  Extract  Agar 
(TGE)  from  serial  dilutions  of  each 
reaction  flask.  Each  dilution  is  plated  in 
duplicate  or  triplicate.  Pour  plates  are 
then  incubated  for  48  hours  at  22  ±  1  °C 
in  the  temperature-controlled 
incubator/shaker.  Following  the  48-hour 
incubation,  plates  are  removed  and 
bacteria  are  counted  (using  a  suitable 
counting  instrument),  tabulated,  and 
arranged. 

Following  preparation  of  abiotic  and 
biotic  treatment  flasks,  test  chemical 
disappearance  is  measured  within  each 
reaction  flask  by  either  gas 
chromatographic  or  high  performance 
liquid  chromatographic  methods.  Raw 
data  on  the  test  chemicals  are  obtained 
by  measuring  the  concentration  of 
chemical  remaining  in  the  reaction  flask 
at  specific  time  intervals.  The  measured 


concentration  at  time  zero  serves  as  the 
reference  point  for  the  remaining  points. 
Using  the  mean  of  bacterial 
concentration  determined  from  plate 
counts  and  first-order  slopes  (k,  hr-1) 
for  chemical  disappearance,  the 
second-order  rate  constant  (k^.  L  org-1 
hr1)  is  calculated.  The  applicable  form 
of  the  second-order  rate  expression 
used  throughout  is: 

-ds/dt  =  kb[BT][Sr] 

where: 

kb  =  Second-order  rate  con- 
stant (L  org'1  hr*1) 
[Bx]  =  Measured  bacterial 
concentration  (CFU  or  org 
per  liter) 
[St]  =  Measured  substrate 
(chemical)  concentration 
(mg  per  liter) 
Several  basic  assumptions  serve  as 
the  foundation  for  measurements  of 
microbial  transformation  rate  constants 
under  this  protocol.  Use  of  total  viable 
plate  count  as  a  measure  of  microbial 
population  concentrations  provides  a 
measurement  that  is  assumed  to  be 
proportional  to  the  number  of 
microorganisms  participating  in  the 
biodegradation  process.  For  chemicals 
for  which  the  concept  was  developed  and 
tested,  many  of  the  culturable 
populations  indigenous  to  aquatic 
systems  support  the  necessary 
constitutive  enzymes  for  microbially 
mediated  hydrolysis  and  oxidation 
reactions.  Moreover,  the  transform- 
ation/biodegradation  process  is  pseudo- 
first-order  with  respect  to  bacterial 
concentration  and.  therefore,  is 
proportional  to  the  density  of  total  viable 
bacteria  in  the  system  plated  on  TGE.  It 
is  further  assumed  that  the  substrate  (test 
chemical)  concentration  is  much  less 
than  the  theoretical  Ks  half-saturation 
concentration  and  that  reaction  kinetics 
are  first-order  with  respect  to  substrate 
concentration.  It  also  is  assumed  that 
carbon  and  energy  contributions  from  the 
chemical  under  investigation  are  not 
sufficient  to  cause  measurable  growth  of 
the  constitutive  populations.  The 
second-order  mathematical  description 
of  biodegradation  serves  as  a 
reproducible  and  reliable  measurement  of 
microbial  transformation  rate  constants 
for  organic  chemicals  in  aquatic  systems. 
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The  EPA  Author.   William  C.  Steen.  (also  the  Protect  Officer)  is  with  the 

Envir'vimental  Research  Laboratory,  Athens  GA  306 13. 
The  complete  report,   entitled   'Interim  Protocol  for  Measuring  Microbial 
Transformation  Rate  Constants  for  Suspended  Bacterial  Populations  in 
Aquatic  Systems."  (Order  No.  PB  88-T65  7091 AS:  Cost:  S  12.95.  subject 
to  change)  will  be  available  only  from: 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  V A  22 161 
Telephone:    703-487-4650 
The  EPA  Protect  Officer  can  be  contacted  at. 
Environmental  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Athens.  GA  30613 
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Tracing  Industrial  Emissions  to  Their  Sources 


In  an  effort  to  track  emissions  from  coal-fired  industrial  plants  to  their 
sources,  researchers  at  NBS  and  the  University  of  Maryland  have  developed 
a  technique  that  shows  promise  as  a  simple  and  definitive  way  of  tracing 
smoke  particles.     It  may  be  the  first  method  suitable  for  tracing  fine 
particles  over  long  distances.     Other  techniques  that  use  tracer  gases 
detect  only  gaseous  components  of  stack  emissions,  not  particles.     The 
NBS/Maryland  work,  sponsored  by  the  Electric  Power  Research  Institute, 
uses  artificially  enriched  stable  isotopes  of  rare  earth  elements  as  "tags" 
to  permit  positive  identification  by  mass  spectrometry  of  emission 
particles  near  the  source  or  miles  away.     These  isotopes  are  nontoxic 
and  inexpensive.     Besides  allowing  samples  to  be  traced  to  their  sources, 
an  analysis  also  can  measure  how  much  of  the  tagged  material  is  present, 
in  essence  gauging  the  source's  environmental  impact.     The  NBS/Maryland 
scientists  also  hope  to  combine  their  study  results  with  those  of  researchers 
examining  gaseous  emissions  from  coal-fired  plants  to  produce  a  more 
complete  picture  of  total  emissions. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  these  efforts  further,  contact 
Dr.  William  R.  Kelly,  Chemical  Bldg.,  Room  A-353,  National  Bureau  of 
Standards,  Gaithersburg,  MD  20899;  (301)  975-4139. 
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Streamlining  the  Manufacturing   Data   Preparation 
Process 


In  the  world  of  manufacturing 
today,  the  preparation  of  the  data 
needed  to  support  production  is 
neither  simple  nor  straightforward. 
Data  preparation  activities,  which 
begin  with  design  and  include  develop- 
ment of  geometry  data,  process  plans, 
and  numerical  control  and  other 
equipment  level  programs,  typically 
involve  a  number  of  personnel  and 
many  different  computer  systems. 

A  major  goal  of  current  AMRF 
research  is  to  develop  an  architecture 
and  prototype  system  which  will  sup- 
port streamlined  integration  of  manu- 
facturing engineering  and  production 
management  activities.  This  AMRF 
Manufacturing  Data  Preparation 
(MDP)  project  will  show  proof  of 
concept  through  the  development  and 
demonstration  of  prototype  manu- 
facturing  engineering  and  shop  floor 


production  systems. 

As  a  result  of  past  AMRF  research 
efforts,  many  of  the  database  struc- 
tures needed  for  this  project  have  been 
specified    and    implemented.      These 

structures  will  be  used  extensively  by 
the    proposed    system    on    a    routine 

basis.  In  addition,  new  data  require- 
ments are  expected  to  be  identified  as 
a  result  of  this  research.  Prototypes  of 
these  data  structures  will  be  developed 
and  implemented  within  the  AMRF 
distributed  database  system. 

Generally,  existing  AMRF  com- 
puter systems,  shop  floor  resources, 
and  software  will  be  used  for  system 
implementation. 


For  Additional  Information: 

To  discuss  the  effort  further,  contact: 

AMRF  Project 

Building  220  —Room  A-127 

National  Bureau  of  Standards 

Gaithersburg,  MD  20899 

Charles  R.  McLean 

(301)975-3511 

Dr.  Theodore  Hopp 

(301)975-3545 
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Spray  Forming  Produces  Reduced  Piping 


Potential  near  net  shape 
manufacturing  methods  have 
been  evaluated  at  the  David 
Taylor  Research  Center  (DTRC), 
Bethesda,  Maryland,  to  deter- 
mine cost  advantages  and  prod- 
uct quality  compared  to  conven- 
tional manufacturing  technology 
for  production  of  Alloy  625 
piping.  Evaluation  indicated 
sizable  cost  savings. 

Alloy  625  was  a  useful  alloy 
for  such  a  study  because  of  its 
tendency  to  segregate  upon 
solidification  during  convention- 
al methods  of  production,  its  high 
rate  of  strain  hardening  during 
working,  and  its  elevated  temp- 
erature strength.  Spray  forming, 
an  available  alternative  to  con- 
ventional technology,  involves 
the  direct  conversion  of  liquid 
metal  into  near  net  shape 
preforms  by  single  gas  atom- 
ization/deposition.  The  spray 
formed  preforms  exhibited  uni- 


form, equiaxed  microstructures 
and  mechanical  properties  equal 
to  those  for  wrought  product,  and 
appeared  well  suited  to  the  roll 
extrusion  process  that  is  used  to 
reduce  tubulars  to  thin  wall 
piping.  The  reduced  piping 
produced  by  spray  forming 
demonstrated  mechanical  proper- 
ties that  surpassed  those  estab- 
lished by  current  specifications 
while  the  microstr  ucture 
remained  thin  after  cold  rolling. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130505/TN 
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Navy  Manufacturing  Technology 

AM^PiF  Automated  Manufacturing  Research  Facility 

National  Bureau  of  Standards,  Gaithersburg,  MD  20899 


NASA  Adopts  NASREM  Architecture  for  Space 
Station 


NASA  has  adopted  the  NASA/ 
NBS  Standard  Reference  Model 
(NASREM)  Architecture  as  the 
standard  functional  architecture  for 
the  Flight  Telerobotic  Service  for  the 
Space  Station.  NASREM,  built  on 
experience  gained  in  the  AMRF, 
defines  the  basic  architecture  for  a 
robot  control  system  capable  of 
teleoperation  and  autonomy  in  one 
system. 

NBS  researchers  have  concentrated 
recent  efforts  on  specifying  the  ar- 
chitecture requirements  for  robotic 
manipulation.  To  assure  that  the 
control  system  serves  as  a  vehicle  for 
evaluating  algorithms  and  comparing 
approaches,  an  important  design  criter- 
ion is  the  ability  to  support  the  al- 
gorithms for  manipulator  control 
found  in  the  literature.  The  NASREM 
architecture  meets  this  criterion. 

The  NBS  system  consists  primarily 
of  a  three-legged  hierarchy  of  com- 
puting modules  which  carry  out  sen- 
sory processing,  world  modeling,  and 
task  decomposition  activities  for  robot 
control.  They  are  supported  by  a 
global  memory  for  shared  data  and  an 
operator  interface  for  interacting  with 
a  supervisory  human. 

The  sensory  processing  modules 
filter  and  integrate  sensor  information 
for  use  in  the  world  model.  The 
world-modeling  modules  update  inter- 
nal information  on  the  state  of  the 
robot  and  its  environment,  and  pro- 
vide the  task  decomposition  hier- 
archy, the  part  of  the  system  most 
directly  involved  in  control,  with  the 
current    "best    estimate"    of    model- 


related  quantities  at  all  times.  The 
task  decomposition  modules  divide 
high-level  goals  into  low-level  actions 
and  have  submodules  for  planning  and 
executing. 

The  Task  level  is  the  highest  NAS- 
REM control  level  concerned  solely 
with  a  single  autonomous  robot.  It 
uses  artificial  intelligence  techniques 
or  prespecified  plans  to  decompose 
commands  received  from  the  Service 
Bay  level  into  a  sequence  understand- 
able to  the  next  level,  E-Move. 

The  E-move  level  receives  com- 
mands which  represent  actions  such  as 
MOVE  (object)  TO  (destination). 
E-move  plans  all  aspects  of  the  move 
including  finding  a  collision-free  path 
and  determining  any  fine-motion 
strategies.  It  outputs  path  segments  to 
the  next  lower  level,  Primitive,  which 
transforms  them  into  dynamic  se- 
quences of  path  points  directly  execu- 
table by  Servo,  the  lowest  level  of  the 
hierarchy. 

Servo  computes  the  motor  control 
signals  for  the  actuators  by  executing  a 
specified  algorithm  for  approaching 
the  desired  manipulator  state  vectors 
(or  attractor  set).  Primitive  periodical- 
ly updates  the  attractor  set  and 
possibly  even  the  algorithm. 

NASA  continues  to  believe  that  the 
success  of  projects  and  the  transfer  of 
the  technology  associated  with  them 
are  dependent  on  the  development  and 
use  of  robot  standards  such  as 
NASREM. 

For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Dr.  Ronald  Lumia 

AMRF  Project 

Building  220— Room  B-124 

National  Bureau  of  Standards 

Gaithersburg,  MD  20899 

(301)975-3452 
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Tool  Extracts  Smooth, 
Fragile  Tubes 

When  a  laterally  compressible 
tube  is  too  slippery  to  pull,  a 
simple  tool  does  the  job. 

A  handtool  grasps  a  smooth,  laterally 
compressible  tube  so  that  it  can  be  pulled 
from  a  retainer  without  slippage  and  with- 
out damage.  The  tool  consists  of  three 
linked  sections  of  steel  tube  with  sticky  rub- 
ber on  the  inside  and  handles  on  the  out- 
side (see  figure). 

With  the  sections  open,  the  user  places 
the  tool  around  the  tube  to  be  pulled.  The 
user  closes  the  tool  and  latches  it.  With  the 
tool  locked  around  the  tube,  the  user  gently 
pulls  on  the  handles.  The  rubber  lining  grips 
the  part  without  slipping  so  that  the  pulling 
force  exerted  by  the  user  extracts  the  part. 
The  lining  applies  pressure  uniformly 
around  the  circumference  of  the  part  and 
thus  prevents  even  thin-walled  tubes  from 
being  crushed. 

This  work  was  done  by  Fred  G.  Sanders 
of  Marshall  Space  Right  Center.  For  fur- 
ther information,  Grcle  139  on  the  TSP  Re- 
quest Card. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to  MFS-28185/TN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D  Wofford,  Jr. 
Mall  CodeCCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


Section  of 
Steel  Tube 


Rubber 
Lining 


Laterally 

Compressible 

Tube 


Latch 


CROSS  SECTION  -  OPEN  TOOL 


CROSS  SECTION  -  LOCKED  TOOL 


Hinged  Sections  of  fhe  Tool  encircle  the  tube  to  be  pulled.  The  user  pulls  on  the  handles  to 
extract  the  tube. 

FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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In-Process  Measurement  of  Hydrogen  in  Welding 


About  40  years  ago,  it  was  first  recognized  that  cold  cracking  of  steel 
welds,  or  weld  underbead  cracking,  is  caused  by  hydrogen  picked  up  by 
the  weld  metal.     This  delayed  type  of  cracking  results  from  deleterious 
effects  of  atomic,  or  diffusible,  hydrogen  dissolved  in  the  steel  welds. 
During  solidification  and  further  cooling  of  the  molten  weld  pool,  some 
of  the  dissolved  hydrogen  diffuses  into  the  weld  heat-affected  zone 
(HAZ),  and  hydrogen-induced  cracks  can  develop  in  that  region,  particularly 
in  high-strength  steels.     Welding  consumables  are  considered  to  be  the 
primary  source  of  hydrogen  in  the  welding-arc  atmosphere.     The  major 
influence  on  the  hydrogen  content  of  a  weld  is  the  welding  process 
selected.     The  shielded-metal-arc  welding  (SMAW)  is  the  process  most 
likely  to  produce  welds  with  a  high  hydrogen  content  from  the  electrode 
flux  coating.     When  low-hydrogen  electrodes  are  used  and  they  are 
properly  dried  and  stored  and  proper  welding  procedures  are  used,*  very 
low  weldment  diffusible-hydrogen  contents  can  be  achieved.     In  flux- 
cored  arc  welding  (FCAW)  and  submerged-arc  welding  (SAW),  consider- 
ably less  flux  is  used,  while  no  flux  at  all  is  used  in  gas-tungsten-arc 
welding  (GTAW)  and  gas-metal-arc  welding  (GMAW).     GTA  and  GMA 
welds  have  the  lowest  potential  for  hydrogen  pickup  by  the  weld;   the 
prescence  of  hydrogen  in  welds  made  by  these  processes  results  mainly 
from  organic  compounds,  primarily  lubricants  used  in  wire  drawing  that 
have  not  been  completely  removed  in  cleaning  following  drawing. 


In  spite  of  a  vast  amount  of  work  done  on  hydrogen-induced  cracking  of 
welds,  postweld  inspection  and  repair  of  hydrogen-induced  cracks 
remains  the  only  means  of  correcting  defects  produced  by  excessive 
hydrogen  in  the  arc  atmosphere  during  welding. 

Recently,  White  conducted  a  study  for  the  Construction  Engineering 
Research  Laboratory,  U.S.  Army  Corps  of  Engineers,  with  the  objectives 
of  developing  a  way  to  predict  the  diffusible  hydrogen  content  of  a 
weld  as  it  is  being  fabricated,  and  to  relate  the  in-process  measurement 
of  hydrogen  content  to  the  susceptibility  to  hydrogen-induced  cracking 
of  the  joint.     A  method  for  the  in-process  measurement  of  the  amount 
of  hydrogen  in  the  arc  atmosphere  during  welding  was  developed. 
Emission  spectroscopy  is  used  to  measure  the  partial  pressure  of  hydro- 
gen in  the  weld-arc  atmosphere  by  two  methods  -  relative  emission-line- 
intensity  measurements  and  absolute  emission-line-intensity  measure- 
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ments.     The  two  techniques  were  used  to  determine  the  hydrogen 
partial  pressure  in  GMA  and  GTA  welding-arc  atmospheres,  and  the 
values  determined  were  used  to  predict  weld  hydrogen  contents  of 

the  armor  steel  used  in  the  program.     Diffusible-hydrogen  test  specimens  y 

and  implant-test  specimens  were  made  by  both  welding  methods  using 
shield  gases  that  contained  known  concentrations  of  hydrogen  in  the  range 
from  0  to  1.00  percent.     Spectroscopic  measurements  were  made  of  the 
arc  atmosphere.     Also,  the  diffusible-hydrogen  contents  of  welds  were 
determined  experimentally  by  outgassing  the  specimens  at   150  C  (300  F) 
for  8  hours  and  analyzing  the  evolved  gas  with  a  gas  chromatograph.     The 
lower  critical  stress  for  weld  underbead  cracking  for  the  armor  steel  was 
obtained  from  the  implant  tests  and  compared  with  values  predicted  using 
Ito's  method  based  on  the  diffusible-hydrogen  content,  preheat  tempera- 
ture, plate  temperature,  and  the  parameter  CCm/  which  depends  on  the 
composition  of  the  steel. 

The  results  obtained  showed  that  spectroscopic  techniques  based  on 
measurement  of  the  relative  intensity  of  hydrogen  emission  lines  during 
arc  welding  can  be  used  to  determine  the  partial  pressure  of  hydrogen 
present  in  the  welding-arc  atmosphere.     Those  data  can  be  used  to  pre- 
dict the  diffusible  hydrogen  content  of  weld  specimens.     Except  for 
very  high  hydrogen  contents  in  the  welding-arc  atmosphere  (1.00  percent), 
the  predicted  values  of  diffusible  hydrogen  content  correlated  well  with 
measured  values.     With   1.00  percent  hydrogen  in  the  shielding  gas,  voids 
developed  in  the  solid  steel,  and  a  significant  part  of  the  hydrogen  was 
trapped  in  those  voides.     The  trapped  hydrogen  was  in  the  molecular 
form  and,  therefore,  was  nondiffusible.     White  observed  an  apparant 

increase  in  hydrogen  solubility  as  the  shield-gas  hydrogen  content  i 

increased.     This  increase  appeared  to  be  the  result  of  an  increase  in 
the  weld-pool  temperature  as  the  hydrogen  content  of  the  arc 
atmosphere  was  increased.     Several  factors  that  contribute  to  this 
effect  are  discussed  in  the  report. 

In  addition,  the  results  of  this  study  showed  that  spectroscopic  measure- 
ments of  the  amount  of  hydrogen  in  the  weld-arc  atmosphere  correlate 
well  with  the  lower  critical  stress  for  hydrogen-induced  cold  cracking  of 
the  resulting  weld,  as  evaluated  using  the  implant  test.     This  finding 
suggests  that  these  data  and  the  measurement  technique  developed 
could  be  used  to  improve  integration  of  weldment  design,  quality  control, 
and  manufacturing  in  fabrication  of  steel  by  arc  welding. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A173331 

Price  code:     A06 
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M1   Combat  Vehicle  Task  5  Machine  System 
Diagnostics 


The  complexity  of  the  machine  systems  being  introduced  into  the 
manufacture  of  military  components  has  brought  about  the  need  for  a 
real  time  diagnostic  system  that  can  prevent  or  minimize  unscheduled 
downtime.     The  primary  goal  of  this  project  is  the  development  of 
generic  criteria  for  Machine  System  Diagnostics  (MSD)  to  identify 
predictable  machine  system  failures. 

The  Ml    Tank  hull  structure,  turret  structure,  and  torsion  bar  housing 
machine  lines  were  chosen  for  this  study.     A  computerized  MSD  system 
was  designed,  functionally  tested  and  was  found  capable  of  providing 
real  time  diagnostic  and  prognostic  information.     The  MSD  system 
provides  a  common  means  of  communication  between  management, 
engineering,  production  and  maintenance  personnel. 

The  diagnostic  system  continuously  records,  measures,  stores,  and 
analyzes  trends  relevant  to  operating  parameters  of  the  machine 
system.     The  diagnostic  system  integrates  machine  monitoring  of 
input  from  vibration,  temperature,   motor  load,  automatic  operation 
sequence  timing,  instrumented  workpiece  measurement,  and  observation 
of  machine  performance  by  the  operators.     This  data  is  used  in  con- 
junction with  the  maintenance  event  record  system  to  obtain  trends 
and  predictions  for  machine  condition.     The  maintenance  event  record 
system  was  developed  to  provide  a  centralized  system  to  identify  and 
track  maintenance.     This  include  planned  and  actual  maintenance, 
operators  observation  symptoms  and  comments,  and  data  pattern 
recognition  and  identification. 

A  cost  simulation  graph  was  developed  depicting  savings  which  could 
be  realized  if  various  amounts  of  equipment  failures  are  reduced  on 
these  machining  lines.     The  MSD  design  makes  possible  cost  reduction 
through  directing  maintenance  resources  to  critical  areas  increasing 
maintenance  efficiency.     Predictive  maintenance  will  allow  impending 
failures  to  be  repaired  to  reduce  unscheduled  downtime  or  damage 
to  other  machine  components  and  the  workpiece  caused  by  the  failure. 
Unscheduled  downtime  is  a  large  production  cost  driver.     The  MSD 
system  is  capable  of  providing  increased  availability  of  the  production 
line  machines. 

FOR  ADDITIONAL  INFORMATION:     Rolf  Anderson,  AMXIB-PG,  Pro- 
duction Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Machine  System  Diagnostics 


A  new  Machine  System  Diagnostics  unit  was  developed  by  the  US 
Army  Tank-Automotive  Command  (TACOM).     General  Dynamics, 
under  TACOM  supervision,  constructed  a  system  to  monitor  the 
machining  operations  on  the  M-l   hull,  turret  structure  and  torsion 
bar  housing. 

The  system  integrates  vibration,  temperature,  motor  load,  auto- 
matic operation  sequence  timing,  instrumented  work  piece  mea- 
surement and  observations  of  machine  performance  by  operators. 
This  data  with  maintenance  records  are  utilized  to  predict  machine 
failures.     By  predicting  machine  failures  and  fixing  them  before 
they  occur,  unscheduled  machine  break-downs  are  reduced  with  a 
corresponding  increase  in  machine  time  available  for  production. 

FOR  ADDITIONAL  INFORMATION:     Additional  information  may 
be  obtained  by  contacting  Mr.  Rolf  Anderson,  AMXIB-PG,  Rock 
Island,  IL  61299-7260;  (309)  782-5235. 


( 


1053 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Automatic  Inspection  During  Machining 

Machine  tools  can  inspect  their  work  under  numerical  control. 


In  an  experimental  manufacturing  proc- 
ess, a  numerically-controlled  machine  tool 
is  temporarily  converted  into  an  inspection 
machine  by  installing  electronic  touch 
probes  and  specially-developed  numeri- 
cal-control software.  The  software  drives 
the  probes  in  paths  to  and  on  newly  ma- 
chined parts  and  collects  data  on  the  di- 
mensions of  the  parts. 

The  conversion  makes  it  unnecessary 
to  remove  the  parts  from  the  machine 
tools,  set  them  up  for  inspection,  and  reset 


them  on  the  machine  tools  for  further  proc- 
essing. The  probes  and  software  can  be 
used  on  three-,  four-,  and  five-axis  numeri- 
cally-controlled machine  tools  like  mills, 
vertical  turret  lathes,  and  jig  borers. 

Specifications  documenting  features  to 
be  measured  and  accuracies  are  devel- 
oped for  each  type  of  machine.  The  numer- 
ical-control tapes  for  a  given  machine  type 
are  then  checked  to  determine  which  of 
those  features  already  on  tape  meet  the 
criteria  for  inspection  of  the  part  on  the 


machine.  A  numerical-control  program- 
mer then  uses  the  available  features  to 
write  an  inspection  tape.  With  new  soft- 
ware, the  machine  tool  machines  a  part, 
puts  its  cutters  away,  inserts  the  inspection 
probes  to  inspect  the  part,  and  reports 
results  of  the  inspection  immediately. 

This  work  was  done  by  Clyde  L.  Ransom 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Right  Center.  No  further 
documentation  is  available. 
MFS-29362/TN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Moisture-Shrinkable  Films 


The  United  States  today  produces 
more  than  6  billion  pounds  of  plastic 
film  each  year.  An  important  segment 
of  that  market  is  shrink  films,  now 
widely  used  in  the  packaging  industry. 
After  items  are  wrapped  in  these  familiar 
thermoplastic  wraps,  they  are  exposed 
briefly  to  heat,  which  causes  the  film  to 
contract. 

But  there's  more  than  one  way  to 
shrink  a  film,  providing  that  it's  made  of 
starch-poly(methyl  acrylate)  graft 
copolymers  prepared  from  hot  water- 
soluble  modified  starches.  It's  recently 
been  found  that  these  starch  graft 
copolymers  can  be  processed  to  produce 
films  that  are  moisture-shrinkable.  They 
remain  dimensionally  stable  at  low-to- 
moderate  relative  humidities  but  shrink 
when  exposed  to  relative  humidities 
approaching  100  percent. 

When  placed  around  irregularly 
shaped  objects,  moisture-shrinkable 
films  conform  within  a  few  minutes  to 
the  object  shape  without  forming  stress 
cracks.  When  the  time  comes  to  remove 
an  item  from  its  packaging,  the  film  can 


be  dissolved  easily  by  soaking  the 
encapsulated  object  for  a  few  minutes  in 
water. 

The  film  may  be  suitable  for  enclos- 
ing and  protecting  highly  polished  or 
abrasion-sensitive  objects  such  as 
glassware,  dishes,  tools,  and  scientific 
instruments.  Another  potential  use  is  for 
individually  sealed  pieces  of  fruit  and 
other  food  products. 

For  technical  information,  contact 
George  F.  Fanta,  USDA-ARS  Northern 
Regional  Research  Center,  1815  N. 
University  St.,  Peoria,  IL  61603.  Patent 
Application  Serial  No.  07/123,411, 
"Moisture-Shrinkable  Films  From 
Starch  Graft  Copolymers." 


For  Additional  Information: 

Inquiries  concerning  rights  for  commercial  use  of  this 

invention  should  be  addressed  to 

Office  of  Federal  Patent  Licensing 

Center  for  the  Utilization  of  Federal  Technology 

Room  304,  NTIS 

Springfield,  VA  22161 

(703) 487-4738 
Refer  to  Patent  Application  7/123,41 1/TN 


1055 


U.S.  Air  Force 

Technology  Note  ( 

Studies  of  Premium  Quality  Aluminum  Castings 


Progress  on  a  program  under  way  at  Northrup  Corporation  as  part 
of  continuing  efforts  supported  by  the  Air  Force  to  qualify  premium 
quality  aluminum  alloy  castings  for  structural  use  is  described  in  a 
recent  report. 

A  major  deterrent  to  the  use  of  castings  in  structural  applications  is 
the  problem  of  inspecting  individual  castings  to  determine  that  they 
exhibit  acceptable  quality.     After  examining  a  variety  of  newly- 
developed  non-destructuve  inspection  procedures,  a  detailed  study 
of  one  of  the  more  promising  methods,  frequency  attenuation 
inflection  (FAI)  was  initiated.     This  is  an  ultrasonic  method  that 
permits  testing  of  castings  submerged  in  a  tank  of  water.     Time 
delays  in  signal  transmission/reflection  and  changes  in  signal  char- 
acteristics are  used  to  determine  the  presence  of  defects.     The 
method  was  studied  by  preparing  a  number  of  1.25-  and  3-inch- 
thick  cast  plates  of  two  casting  alloys,  A357  and  A201.     These  plates 
were  inspected  using  standard  X-ray  and  ultrasonic  (C-scan)  methods 
to  determine  the  defects  present.     Six  plates  containing  a  range 
of  representative  defects  were  then  selected  for  detailed  inspection 
using  the  FAI  procedure.     After  completion  of  those  tests,  the  plates 
were  sectioned  and  inspected  further  using  X-ray  and  metallographic 
procedures  to  insure  that  defects  were  properly  identified.     The 
results  achieved  using  the  FAI  method  are  compared  with  radiographic 
data  in  Table  1.     It  was  concluded  that  the  FAI  method  showed 
qualitative  correlation  with  radiographic  methods  for  detecting 
shrinkage  and  gas  porosity,  but  that  it  was  less  successful  in  detecting 
foreign  material.     The  FAI  method  was  also  sensitive  to  the  orientation 
of  the  casting  surfaces  relative  to  the  ultrasonic  beam.     Further  work 
is  needed  before  the  FAI  method  can  be  considered  a  reliable  method 
for  inspecting  castings. 

The  report  also  contains  information  on  the  effects  of  factors  such  as 
chemical  composition,  solidification  rate,  and  heat  treatment  on  the 
microstructure  and  mechanical  properties  of  A357-T6  and  A201-T7 
castings.     These  studies  were  designed  to  determine  the  properties  of 
optionally-processed  castings.     Among  the  factors  studied,  the  strontium 
content  of  A357  and  the  silver  content  of  A201   castings  were  found  to 
have  the  most  significant  effects.     Properties  examined  included  tensile 
properties,  notched  tensile  properties,  and  fatigue  properties.     Fatigue 
properties  were  measured  using  a  center  notched  tension-tension  specimen 
loaded  to  failure  at  an  R  value  of  0.1. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     ADA186444/NAC 

Price  code:     A06 
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Hot  Isostatic  Pressing  of  Titanium  Powder 


The  need  to  minimize  exposure  time  at  elevated  temperatures  during  the 
densification  of  certain  types  of  rapidly  solidified  powders  has  led  to 
interest  in  the  kinetics  of  the  densification  process.     An  interesting  inves- 
tigation of  this  subject  is  under  way  at  the  Michigan  Technological 
University  supported  by  the  Office  of  Naval  Research.     Results  that  have 
been  obtained  in  work  directed  toward  determining  the  effects  of  particle 
shape  and  size  on  densification  kinetics  are  described  in  a  recent  report 
issued  by  the  researchers  conducting  the  study. 

As  shown  in  Table   1,  two  types  of  unalloyed  titanium  powder  were  pro- 
cured for  use  in  that  study:     a  spherical  powder  produced  by  a  plasma 
rotating  electrode  process  (PREP),  and  an  angular  powder  produced  by  a 
hydride-dehydride  process  (HDH).     These  two  powders  were  screened  to 
obtain  fractions  of  two  different  particle  sizes.     This  provided  four 
powders  for  the  planned  densification  studies.     The  powders  were  then 
encapsulated  in  thin-wall  copper  tubes,  lined  with  tantalum  foil  to  avoid 
reaction  between  the  titanium  powder  and  the  copper  tube,  outgassed 
to  about  10-2  torr,  and  hot  isostatically  pressed  at  1290  F  (700  C)  at 
pressures  from  3050  to  14,950  psi  (21   to  103  MPa).     Mixtures  containing 
both  size  fractions  of  the  spherical  PREP  powder  were  densified  as  well 
as  the  two  size  fractions.     (The  mixed  powder  contained  80  percent   144 
to  177-um  powder  and  20  percent  70  to  100-urm  powder.) 

Table  1.   Titanium  Powders  Used  in  Densification  Study 


Relative 

Packing 

Type  of 

Density, 

Ti  Powder 

Size 

Shape 

percent 

PREP 

(-70+100  mesh)  144-177  Mm 

Spherical 

68.2 

PREP 

(-140+200  mesh)  70-100  jum 

Spherical 

68.6 

HDH 

(-70+100  mesh)  144-177  Aim 

Angular 

53.6 

HDH 

(-325  mesh)  35-44  /urn 

Angular 

42.4 

Densification  was  found  to  proceed  quite  rapidly  during  the  early  stages  of 
pressing.     It  was  also  found  that  the  time  to  reach  densities  greater  than 
95  percent  of  theoretical  was  largely  independent  of  both  particle  size  and 
particle  shape  despite  a  significant  difference  in  initial  packing  density. 
Results  at  3050  psi  (21   MPa)  are  shown  in  Figure  1. 

As  shown  in  Figure   1,  good  agreement  was  observed  between  the  densifi- 
cation behavior  observed  in  tests  at  3050  psi  (21   MPa)  and  those  predicted 
using  a  theoretical  analysis  of  densification  behavior  of  uniformly  sized 
spherical  powder  by  Arat,  et  al.,  in  1983.     After  a  minor  modification  in 
the  originally  proposed  model,  it  also  satisfactorily  predicted  densification 
behavior  at  higher  pressures.     This  modification  consisted  of  assuming  that 
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Figure  1.   Densification  of  Ti  Powders  During  Hot  Isostatic 
Pressing  (HIP)  at  1290  F  and  3050  psi  (700  C 
and  21  MPa) 

Predicted  behavior  based  on  the  theoretical 
analysis  of  Arzt,  et  al.,  is  indicated. 


the  transition  to  isolated  porosity  occurred  at  about  95  percent  of  theoretical 
density,  not  90  percent  as  proposed  by  Arzt,  et  al.     Metallographic  examination 
of  partially  densified  powders  suggested  that  such  a  modification  was  justified. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available  from 
NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     ADA176617 

Price  code:     A02 
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ADVANCED  PROCESS  FOR  FABRICATING  OPTICAL  DEVICES  AND 
WAVEGUIDES,  ESPECIALLY  LiNb03:Ti 


Key  words:  Optical  waveguides;  optical 
integrated  circuits;  switchers;  modulators;  ion 
implantation  doping;  solid-phase  epitaxy 


A  new  processing  technique  allows  for  the 
direct  application  of  ion-  implantation 
technologies,  which  have  been  successful  in  the 
semiconductor  industry,  to  electro-optic  and 
magneto-optic  materials  needed  for  optical 
integrated  circuits  (OICs).  Until  now,  only  lengthy, 
high-temperature  diffusion  techniques  have  been 
applied  successfully  to  OIC  problems  in  complex 
materials  such  as  lithium  niobate  (LiNb03). 

Diffusion  techniques  have  a  number  of 
disadvantages  for  small-device  fabrication  and  for 
controlling  lateral-diffusion  and  in-diffusion 
separately.  Previous  attempts  to  use  ion 
implantation  for  doping  electro-optic  crystals  have 
resulted  in  damage  and  induced  materials 
instabilities  that  have  destroyed  the  useful 
properties  of  the  crystals  (Fig.  1).  These 
problems  have  been  overcome  by  understanding 
the  origins  of  these  unwanted  effects  and 
devising  ion-implantation  conditions  and  solid- 
phase  annealing  techniques  that  completely 
restore  the  crystallinity  and  preserve  the  chemical 
stability  of  the  doped  crystals. 

This  processing  technique  involves 
(1)   photolithographic  techniques  to  form 
patterned  regions  for  implantation  doping  of 
LiNbO  3  single  crystals,  (2)  ion  implantation  of 
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Fig.  1.  Conventional  diffusion  implantation  technique. 
(a)  Titanium  is  deposited  on  the  LiNbO ,  substrate. 
lb)  After  lift-off,  titanium  is  ready  for  in-diffusion. 
(c)  At  1000  C,  the  titanium  diffused  into  the  LiNbO  , 
lattice  is  limited  by  diffusion  kinetics,  and  the  crystal 
is  affected  by  lateral  diffusion. 

titanium  into  LiNbO  3  at  low  temperatures  to 
reduce  diffusion,  and  (3)  solid-phase  epitaxial 
regrowth  in  a  controlled  atmosphere  to  restore 
crystallinity  and  to  incorporate  the  titanium  into 
the  crystal  lattice  (Fig.  2).  High-quality 
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Fig.  2.  New  implantation  scheme,  (a)  Controlled 
nonequilibrium  process  permits  high  titanium 
concentration;  the  mask  is  lifted  after  implantation, 
and  the  crystal  is  annealed  for  a  short  time  at  1000°C. 
(b)  Solid-phase  epitaxial  regrowth  restores  the  lattice 
and  leaves  the  crystal  with  excellent  optical 
properties. 

waveguides,  modulators,  and  switchers  have 
been  made  using  these  techniques.  It  has  been 
demonstrated  that  other  dopants  (such  as  silver) 
can  result  in  low  solid-phase  epitaxial  processing 
temperatures. 

Because  ion-beam  processing  can  be  applied  to 
OIC  fabrication  the  way  is  opened  also  for  the 
fabrication  of  a  variety  of  new  circuit 
configurations.  Already,  much  higher 
concentrations  of  dopant  have  been  incorporated 
into  much  more  shallow  depths  than  have  been 
possible  with  diffusion.  This  development  makes 
high-quality  shallow-surface  waveguides  possible 


for  the  first  time.  Implantation,  coupled  with  rapid 
solid-phase  regrowth,  makes  it  possible  to 
fabricate  much  finer  lines  because  some  of  the 
lateral  spreading  that  accompanies  diffusion  can 
be  avoided. 

Because  ion-implantation  doping  is  a 
nonequilibrium  processing  method,  any  species  of 
dopant  can  be  implanted  independently  of  its 
diffusion  behavior.  Thus,  new  combinations  of 
dopants  can  be  tried  with  this  new  processing 
approach.  This  means  that  much  smaller  circuit 
components  can  be  fabricated.  Because  the 
implanted  concentration  profiles  can  be  tailored 
by  simply  varying  the  energy  of  implantation,  it 
may  even  be  possible  to  create  devices  that  have 
unique  configurations,  such  as  buried  optical 
waveguides.  The  inherent  versatility  of  these 
processing  techniques  suggests  a  variety  of  new 
device  configurations  for  future  investigations, 
and  the  widespread  use  of  ion  implantation 
ensures  rapid  commercial  acceptance  of  these 
techniques. 


Additional  information: 

Office  of  Technology  Applications 

Information  Service 

Martin  Marietta  Energy  Systems,  Inc. 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 

B.  R.  Appleton  et  al.,  "Ion  Beam  Processing  of  LiNbO,,"  J. 
Mater.  Res.  1(1),  104-13  (1986). 

C.  Buchal,  P.  R.  Ashley,  and  B.  R.  Appleton,  "Solid-Phase 
Epitaxy  of  Ion-implanted  LiNbO  3  for  Optical  Waveguide 
Fabrication,"  J.  Mater.  Res.  2(2),  222-30  (1987). 

C.  Buchal  et  al.,  "Advanced  Ti-lmplanted  Optical  Waveguides 
in  LiNbOj,"  Mat.  Res.  Soc.  Symp.  Proc.  88,  93-99  (1987). 
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HIGH  TEMPERATURE  MATERIALS  LABORATORY 


Key  words:  High-temperature  materials; 
materials  research;  metals;  ceramics;  user  facility 


The  High  Temperature  Materials  Laboratory 
(HTML),  a  new  research  facility  at  ORNL,  serves 
as  the  focal  point  for  multidisciplinary  research  on 
new  ceramics  and  metallic  alloys  having  potential 
high-temperature  applications.  The  HTML  is  a 
designated  DOE  user  facility  supported  by  DOE's 
Heat  Engine  Propulsion  Division,  Office  of 
Transportation  Systems.  It  is  designed  to  help 
solve  high-temperature  materials  problems  that 
now  limit  the  efficiency  and  reliability  of  advanced 
energy  conversion  systems.  One  major  objective 
of  HTML  is  the  performance  of  research  that  will 
assist  U.S.  industry  in  meeting  the  current 
challenge  of  foreign  competition  in  the  area  of 
high-temperature  structural  ceramics.  Another  is 
to  assist  universities  in  the  education  and  training 
of  materials  researchers. 

Because  the  HTML  is  a  designated  DOE  user 
facility,  external  users  have  free  access  to  HTML 
research  equipment  for  nonproprietary  research. 
The  facility  is  divided  into  user  centers  specific 
for  (1)  materials  analysis,  (2)  X-ray  diffraction, 
(3)   physical  properties,  and  (4)  mechanical 
properties.  A  research  staff  is  available  in  each  of 
these  centers  to  work  with  users  and  to  assist  in 
planning,  performing,  and  conducting 
experimental  research  and  interpreting  research 
results. 


Acquisition  of  a  substantial  number  of  new 
research  instruments  was  part  of  the  HTML 
planning  (Figs.  1  and  2).  These  instruments  have 
extensive  capabilities  for  characterizing  the 
microstructure,  microchemistry,  physical,  and 
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Fig.  1.  Photomicrograph  of  a  fracture  section  through 
a  titanium  nitride  whisker  ( 1 2,000  X).  This  image  was 
made  in  the  HTML  Materials  Analysis  user  center  with 
a  scanning  electron  microscope  that  offers  the  highest 
available  resolution  for  standard  and  large  specimens 
(1.5  nm  at  20  kV)  and  ultrahigh  resolution  at  low 
voltages  (—5  nm  at  1  kV).  With  this  microscope, 
high-resolution  images  of  nonconductive  materials  can 
be  obtained  without  sputter  coating  the  specimen 
with  a  conductive  material. 

mechanical  properties  of  materials  over  a  wide 
range  of  temperatures: 

•  microanalysis  devices  [scanning,  ultrahigh 
resolution,  and  analytical  electron  microscopes; 
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Fig.  2.  Preliminary  crystallographic  analysis  of  whisker 
cross  section.    This  analysis  is  based  on  an  assumed 
whisker  growth  direction  (001).  Many  whiskers  would 
need  to  be  analyzed  to  determine  the  orientations 
conclusively. 

electron  and  scanning  Auger  microprobes;  and 
multitechnique  surface  analyzer  (ESCA,  SIMS, 
Auger,  and  SEM)]; 

•  high-temperature  X-ray  powder  diffractometer; 

•  thermal  measurement  devices  (diffusivity, 
calorimetry,  thermal  expansion,  and 
simultaneous  thermal  analysis);  and 


•  mechanical-properties  measurement  devices 
(flexure  and  tensile  testing  facilities, 
servohydraulic  and  electromechanical  universal 
test  machines,  and  a  mechanical  properties 
microprobe). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 

The  High  Temperature  Materials  Laboratory:  A  New 
Research  and  User  Facility  at  the.  Oak  Ridge  National 
Laboratory,  Oak  Ridge  National  Laboratory  (February  1988). 

Users  Program  for  the  High  Temperature  Materials 
Laboratory,  Oak  Ridge  National  Laboratory,  Oak  Ridge 
National  Laboratory  (May  1987). 

HTML  Director 

Building  45 1 5 

Oak  Ridge  National  Laboratory 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6062 

Telephone  (615)  574-5124 
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PROCESS  FOR  WEAR  INHIBITION  OF  ARTIFICIAL  HIPS  AND 
KNEES  BY  ION  IMPLANTATION 


Key  words:  Ion  implantation;  wear  resistance; 
prosthetic  devices 


A  nitrogen-ion-implantation  technique, 
developed  in  ORNL's  Solid  State  Division,  inhibits 
the  wear  of  surgically  implanted  titanium-alloy 
orthopedic  devices  such  as  artificial  hips,  knees, 
and  toes  (Fig.  1).  About  10%  of  the  200,000  hip 
and  knee  replacements  in  the  United  States  each 
year  involve  revision  surgery  to  replace  failed 
joints.  In  addition,  thousands  of  artificial  hips  and 
knees  fail  each  year  but  are  not  replaced  because 
of  the  age  or  health  of  the  patients.  Furthermore, 
thousands  of  younger  patients  delay  needed 
surgery  because  of  the  short  projected  lifetime  of 
artificial  joints.  The  ion-implantation  treatment 
should  eliminate  a  major  cause  of  failure  of 
artificial  joints.  For  that  reason,  it  is  on  the  way 
to  becoming  the  industry  standard  for  treatment 
of  titanium-alloy  joints. 

Ion  implantation  is  performed  at  room 
temperature  and  does  not  distort  the  sample's 
surface  volume.  No  chemical  or  structural 
interface  is  created  between  the  enhanced 
surface  volume  and  the  substrate.  Rather,  a 
gradual  transition  in  chemistry,  structure,  and 
properties  is  characteristic  of  the  process. 
Consequently,  concerns  regarding  high- 
temperature  processing  and  subsequent  loss  of 
substrate  properties,  as  well  as  concerns 


Fig.  1.  Artificial  hip  joint  made  of  the  Ti-6AI-4V  alloy. 
Pictured  above  the  joint  is  its  mating  component  made 
of  ultrahigh-molecular-weight  polyethylene.  Applying 
the  nitrogen-ion-implantation  treatment  reduces  the 
wear  of  both  components  significantly.  (Photograph 
courtesy  of  Johnson  &  Johnson  Products,  Inc.) 

involving  interfacial  cracking  and  spalling  of 
applied  coatings,  are  eliminated. 

During  the  ion-implantation  process,  atoms  are 
accelerated  to  a  very  high  velocity  and  aimed  at  a 
target  substrate.  These  atoms  lodge  in  a  thin 
layer  near  the  surface  of  the  substrate  material, 
altering  its  physical  and  chemical  properties.  For 
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the  orthopedic  prostheses,  nitrogen  is  implanted 
into  a  titanium  alloy  so  as  to  produce  an  average 
concentration  of  20  to  30  at.  %  nitrogen  through 
a  surface-layer  thickness  of  about  100  nm. 

Spire  Corporation,  Inc.,  markets  this  process 
under  the  trade  name  lONGUARD*. 


For  information  about  I0NGUARD9,  contact 

Spire  Corporation 
Patriots  Park 
Bedford,  MA  01730 

Telephone  (6 1 7)  275-6000 


For  more  information  about  the 
ion- implantation  process,  contact 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 


J.  M.  Williams,  "Wear  Improvement  of  Surgical  Ti-6AI-4V 
Alloy  by  Ion  Implantation,"  Nucl.  Instrum.  Methods  Phys. 
Res.,  B10/11,  539-44  (1985). 

R.  A.  Buchanan,  E.  D.  Rigney,  Jr.,  and  J.  M.  Williams,  "Ion 
Implantation  of  Surgical  Ti-6AI-4V  for  Improved  Resistance 
to  Wear-Accelerated  Corrosion,"  J.  Biomed.  Mat.  Res.  21, 
355-66(1987). 

R.  A.  Buchanan,  E.  D.  Rigney,  Jr.,  and  J.  M.  Williams, 
"Wear-Accelerated  Corrosion  of  Ti-6AI-4V:  Mechanisms  and 
Influence  of  Fixed-Stress  Magnitude,"  J.  Biomed.  Mat.  Res. 
21,  367-77  (1987). 
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Technology  Application 


Sandia  National  Laboratory 


Thin  Films  made  from  New  Thallium-Based 
Superconductors 


Researchers  at  Sandia  National  Laboratories  an- 
nounced on  May  2  that  they  had  made  the  first  thin  films 
out  of  new  thallium-hased  superconducting  materials. 
The  new  films  have  zero  resistance  at  97  K — the  highest 
critical  temperature  for  any  thin   film  to  that   time. 

Furthermore,  the  new  films  can  carry  current  densi- 
ties of  1 10.000  amps/cnr  at  liquid  nitrogen  temperature 
without  observable  resistance.  This  critical  current  den- 
sity  is  by  far  the  highest  in  an  unoriented  polycrystalline 
high-temperature  superconducting  oxide  film  at  any 
temperature. 

Also,  preliminary  tests  indicated  that  the  critical 
current  has  a  much  lower  sensitivity  to  magnetic  fields 
than  previous  polycrystalline  materials. 

"The  high  critical  currents,  combined  with  the  weak 
magnetic  field  dependence,  represent  an  important  sci- 
entific result."  said  Venkatesh  Narayanamurli,  Vice 
President  for  Research  at  Sandia.  "It  suggests  that  the 
coupling  within  the  superconducting  grains  in  these  new 
materials  is  significantly  different  from  the  widely  stud- 
ied polycrystalline  1-2-3  superconductors  (yttrium- 
barium-copper  oxide). 

"These  results  should  provide  a  new  impetus  to  the 
field  and  should  encourage  researchers  to  continue  their 
search  for  new  superconducting  materials  with  improved 
properties. 

Sandia  researchers  David  S.  Ginley,  James  F.  Kwak. 
Ronald  P.  Hellmer.  Richard  -I.  Baughman.  Eugene  I.. 
Venturing  and  Bruno  Morosin  submitted  a  report  on  the 
discovery  to  Applied  Physics  Letters. 

Microelectronic  applications  possible 

The  achievement  is  a  significant  step  toward  the  use 
of  new  superconducting  materials  in  a  broad  range  of 
microelectronic  applications.  Unlike  the  case  for  large- 
scale  applications,  such  as  superconducting  power  trans- 
mission lines  where  bulk  ceramic  materials  are  needed, 
microelectronic  applications  such  as  interconnects 
require  the  use  of  thin  films  of  the  superconductors.  The 
polycrystalline  films  will  have  a  wide  range  of  applicabil- 
ity due  to  compatibility  with  a  variety  of  substrates. 

Such  films  are  no  thicker  than  the  average  grain 
diameter  of  the  material.  The  superconducting  films 
made  by  the  Sandia  researchers  are  about  seven-tenths 
of  a  micrometer,  or  7.000  angstroms,  thick. 


The  films  are  thallium-calcium-barium-copper- 
oxide,  made  by  sequential  electron-beam  evaporation. 
The  nominal  composition  is  TI.CaBa.Ca.O,.  The  films 
are  deposited  on  single-crystal  substrates  of  yttrium- 
stabilized  cubic  zirconia.  ZrO,. 

The  first  superconducting  materials  containing  the 
element  thallium  were  reported  by  the  University  of 
Arkansas  in  late  January  1988  on  bulk  ceramics.  Transi- 
tion temperatures  of  up  to  1 25  K  in  these  materials  were 
subsequently  reported  by  Sandia,  IBM.  and  a  number  ol 
other  laboratories. 

The  new  Sandia-prepared  materials  are  the  first 
superconducting  thin  films  made  of  the  thallium-based 
compounds.  The  film  is  a  polycrystalline  compound, 
meaning  it  is  made  up  of  many  small  grains. 

High  critical  currents  are  important 

"For  practical  applications  of  superconductivity  in 
microelectronic  devices,  you're  going  to  have  to  have 
polycrystalline  films,"  says  Ginley.  "The  demonstration 
of  high  critical  currents  in  unoriented  polycrystalline 
films  is  very  important  from  an  applications  viewpoint. 
This  importance  arises  because  the  films  can  be  deposit- 
ed on  different  semiconductors^such  as  silicon,  whereas 
epitaxial  1-2-3  films  previously  reported  are  limited  to 
special  insulating  substrates." 

"Our  films  are  the  first  polycrystalline  films  reported 
that  have  critical  currents  apporaching  those  of  interest 
for  applications  in  microelectronic  devices."  says  Kwak. 

The  new  thin-film  materials  appear  to  be  quite  uni- 
form over  large  areas  and  reasonably  stable  to  air.  water, 
and  thermal  cycling,  the  Sandia  researchers  say. 


FOR  ADDITIONAL  INFORMATION 
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Department  of  Energy, 
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Albuquerque,  NM  87185-5800 
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NBS   technology  update 

National  Bureau  of  Standards  t 

U.S.  Department  of  Commerce  ( 

Gaithersburg,  MP  20899 


Low  Alloy  Steel  Calibration  Standards  Announced 


NBS  has  developed  a  new  graded  series  of  seven  low  alloy  steel  standards 
for  calibrating  optical  emission  and  X-ray  fluorescence  spectrometers. 
Great  care  has  been  used  in  preparing  these  materials  to  obtain  a  high 
level  of  homogeneity  to  meet  the  demands  of  new,  highly  precise  instru- 
ments used  in  the  quality  control  of  alloy  materials.     Standard  Reference 
Materials  (SRMs)  1761-1767,  prepared  in  consultation  with  ASTM  and 
industry,  are  intended  as  a  replacement  for  the  currently  available  1260 
series  of  low  alloy  steels.    SRMs  1761-64  contain  major  and  minor  elements 
at  normal  concentration  levels  and  SRMs  1765-1767  contain  a  graded  series 
of  elements  at  the  trace  levels.     The  new  standards  are  available  for  $135 
each  in  the  form  of  disks  approximately  34  mm  (1-3/8  inches)  in  diameter 
and  19  mm  (3/4  inches)  thick. 

FOR  ADDITIONAL  INFORMATION:  To  obtain  information  on  the  certified 
values  of  each  disk,  or  to  order  the  new  graded  series  of  calibration  stan- 
dards, contact  the  Office  of  Standard  Reference  Materials,  B311   Chemistry  t 
Bldg.,  National  Bureau  of  Standards,  Gaithersburg,  MD  20899;  (301)  975- 
OSRM  (6776). 
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IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Automatic  Replenishment  of  Dopant  in  Silicon  Growth 

Dopant  is  incorporated  in  feed  pellets  to  maintain  the  required  concentration. 


A  developmental  technique  of  continu- 
ous replenishment  of  dopant  in  a  silicon 
melt  helps  to  ensure  correct  resistivity  in 
solid  silicon  grown  from  the  melt.  The  tech- 
nique is  to  be  used  in  the  dendritic-web 
growth  process,  in  which  a  ribbon  of  silicon 
is  continuously  pulled  from  the  molten  ma- 
terial. By  providing  uniform  doping  and  re- 
sistivity in  the  ribbon,  the  technique  should 
enable  the  production  of  high-quality  sili- 
con ribbon  at  high  yields  for  use  in  semi- 
conductor devices. 

Although  it  is  common  practice  to  re- 
plenish the  silicon  in  a  melt  by  automatic 
continuous  addition,  dopant  has  been  add- 
ed to  the  melt  in  the  form  of  pellets  when  a 
pull  has  ended  and  a  new  one  is  about  to 
start.  Because  silicon  rejects  dopant  to  the 
surrounding  melt  when  it  solidifies,  the 
concentration  of  dopant  in  the  melt  in- 
creases during  a  pull,  and  the  concentra- 
tion at  the  growing  end  of  the  ribbon  in- 
creases as  a  consequence. 

Moreover,  the  amount  of  ribbon  extract- 


ed varies  from  pull  to  pull.  Thus,  the  con- 
centration of  dopant  in  the  melt  is  not 
known  precisely  at  the  end  of  a  pull.  The 
amount  of  dopant  to  add  at  the  start  of  a 
new  pull  has  to  be  estimated,  and  the  resis- 
tivity can  vary  from  ribbon  to  ribbon. 

The  new  technique  avoids  these  prob- 
lems by  replenishing  the  melt  with  silicon 
pellets  that  contain  dopant  in  the  same 
concentration  as  that  desired  in  the  grown 
crystal.  For  example,  an  n-type  silicon 
crystal  of  2Q-cm  resistivity  contains 
1.05  x  1015  atoms  of  phosphorus  per  gram 
of  silicon.  The  ratio  of  phosphorus  concen- 
tration in  the  crystal  to  that  in  the  liquid 
silicon  is  0.35,  which  means  that  initially  the 
melt  must  contain  3  x  1015  atoms  of  phos- 
phorus per  gram  of  silicon  to  produce  the 
requisite  concentration  in  the  crystal. 
Once  the  withdrawal  of  the  crystal  from  the 
melt  has  begun,  the  inclusion  of  1 .05  x  1015 
atoms  of  phosphorus  with  every  gram  of 
silicon  added  to  the  melt  will  ensure  that 
the  required  concentration  in  the  liquid  is 


maintained  but  not  exceeded. 

The  phosphorus  is  included  by  diffusion 
into  the  silicon  pellets.  In  a  demonstration, 
silicon  pellets  were  heated  in  a  quartz 
crucible  in  a  heated  diffusion  tube  while  a 
carrier  gas  containing  POCI3  vapor  flowed 
over  them.  The  extent  of  diffusion  of  phos- 
phorus from  the  vapor  depended  on  the 
time,  temperature,  pellet  size,  vapor  con- 
centration, and  cooling  rate.  Under  the 
proper  conditions,  the  desired  concentra- 
tion of  phosphorus  can  be  attained. 

Eventually,  dopants  might  be  added  as 
part  of  a  fluidized-bed  process  used  to 
make  the  silicon  pellets.  Dopant  gases 
would  be  added  to  the  process  gas  stream 
and  would  condense  in  the  silicon  particles 
as  they  form  by  chemical  vapor  deposition. 

This  work  was  done  by  E.  L.  Kochka  of 
Westinghouse  Electric  Corp.  for  NASA's 
Jet  Propulsion  Laboratory. 
NPO-17138/TN 


FOR   ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


1063 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Metal/Ceramic  Bond  Coatings  for  High  Temperatures 

Features  include  low  thermal-expansion  mismatch  and  resistance  to  oxidation. 


A  new  class  of  reduced-thermal-expan- 
sion bond  coatings  has  been  developed  for 
use  at  high  temperatures  in  thermal-bar- 
rier-coating systems.  These  bond  coatings 
are  composed  of  low-pressure-plasma- 
sprayed  metallic  matrices  dispersed  with 
low-thermal-expansion,  high-bulk-modulus 
ceramic  particles.  The  new  coatings  and 
the  method  of  application  represent  im- 
provements over  the  prior  practice  of  ap- 
plying a  ceramic  coat  directly  over  a 
metallic  bond  coat  in  that  they  lower  the 
thermal-expansion-mismatch  strain  while 
maintaining  integrity  at  high  temperatures. 


The  dispersoids  are  initially  processed 
so  as  to  possess  high  cohesive  strength, 
low  porosity,  and  roughly  spherical  shapes. 
The  anticipated  optimum  microstructure 
would  be  obtained  by  adjusting  plasma- 
spraying  conditions  so  that  the  metallic 
particles  melt  completely  while  the  disper- 
soids exhibit  only  surface  melting  and  re- 
main roughly  spherical. 

The  resulting  bond  coat  ideally  consists 
of  a  dense  matrix  of  metal  with  well-bond- 
ed, roughly-spherical  ceramic  dispersoids. 
However,  in  practice,  many  dispersoids 
may  melt  completely  and  flatten  upon  im- 


pact. The  volume  fraction  of  the  ceramic  is 
kept  sufficiently  low  so  that  the  dispersoids 
tend  not  to  be  in  contact  with  each  other, 
thereby  enabling  the  dispersoids  to  con- 
strain the  thermal  expansion  of  the  metal 
matrix  while  maintaining  inherent  resist- 
ance to  oxidation. 

This  work  was  done  by  Robert  A.  Miller 
of  Lewis  Research  Center  and  George  W. 
Leissler  of  Sverdrup  Technology,  Inc. 
LEW-14541  /7A/ 
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Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Licensing 
Opportunity 


Wear-Resistant,  Thermally  Conductive  Coating 

A  new  process  makes  a  coating  with  unusual  properties. 


Coatings  resistant  to  wear  are  used  in  a 
variety  of  applications  ranging  from  earth- 
moving  equipment  to  space  vehicles.  One 
of  the  most  severe  environments  for  such 
coatings  involves  both  high  temperatures 
and  abrasion. 

If  it  becomes  necessary  to  remove  large 
quantities  of  heat  from  a  wear  surface, 
high  thermal  conductivity  is  also  necessary 
and  further  complicates  the  selection  of  a 
coating  material.  Copper  and  copper  alloys 
have  high  thermal  conductivity  but  only 
limited  resistance  to  abrasion.  Attempts  to 
overcome  this  poor  resistance  to  wear 
generally  lead  to  plating  or  coating  of  cop- 


per substrates  with  materials  that  have 
greater  resistance  to  wear  but  less  thermal 
conductivity. 

A  process  developed  at  the  Lewis  Re- 
search Center  applies  a  wear-resistant, 
highly  thermally  conductive  coating  to  a 
copper  substrate.  The  coating  is  copper  or 
copper  alloy  with  a  controlled  dispersion  of 
oxide  or  carbide  particles.  The  process  re- 
sults in  a  coating  that  has  thermal  expan- 
sion similar  to  that  of  the  base  material,  in- 
creased resistance  to  abrasion  when  hot, 
and  high  thermal  conductivity. 

This  work  was  done  by  Brian  J. 
Edmonds  of  Lewis  Research  Center, 


George  W.  Lelssler  of  Sverdrup  Corp.,  and 
William  J.  Waters  of  Waters  and  Associ- 
ates. No  further  documentation  is  availa- 
ble. 

This  invention  is  owned  by  NASA  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Lewis  Research  Center 
Refer  to  LEW-14562.  /TN 

Lewi*  Research  Center 

Technology  Utilization 
Officer:  Daniel  G  Soltis 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)433-5567 
Patent  Counsel: 
Gene  E.  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)433-5753 
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Technology  Application 


Oak  Ridge  National  Laboratories 


CHEMICAL  HAZARD  INFORMATION  PROFILE  OF  TRIPHENYL  PHOSPHITE 


Key  words:  Triphenyl  phosphite;  production 
methods;  uses;  antioxidants;  stabilizers; 
occupational  exposure;  health  effects;  nervous- 
system  effects;  environmental  effects 


A  Chemical  Hazard  Information  Profile  (CHIP)  is 
part  of  the  first  stage  of  the  chemical  risk 
assessment  process  in  the  Office  of  Toxic 
Substances  (OTS),  U.S.  Environmental  Protection 
Agency.  OTS  uses  a  CHIP  to  determine  the 
relative  priority  and  focus  for  further  assessment 
of  a  subject  chemical.  The  CHIP  on  triphenyl 
phosphite,  Chemical  Hazard  Information  Profile  of 
Triphenyl  Phosphite,  contains  a  summary  of 
readily  available  data  pertaining  to  the  various 
aspects  of  exposure  to  the  chemical  and  the 
health  and  environmental  effects  that  may  result 
from  such  exposures  (Fig.  1). 


0 


Fig.  1.  Structural  formula  of  triphenyl  phosphite 
(C,8H15PO  ,),  an  organic  phosphorus  compound. 


The  method  for  the  commercial  production  of 
triphenyl  phosphite  is  based  on  the  reaction  of 
phenol  and  phosphorus  trichloride  in  a  moisture- 
free  atmosphere: 

3  C  ( H  5  OH  +  PCI  3  —  (C  6  H  5  O)  3  P  +  3  HCI  . 

Triphenyl  phosphite  has  a  high  production  volume 
and  is  used  mainly  as  an  intermediate  for 
phosphite  stabilizers/antioxidants  in  vinyl,  other 
plastics,  and  rubber.  In  addition,  it  serves  as  an 
intermediate  in  pharmaceuticals  and  as  a  cure 
accelerator  for  epoxy  resin  systems.  Occupational 
exposure  could  therefore  occur  during  its 
production  and  use.  Evidence  of  exposure  to 
consumers  during  the  use  of  products  containing 
triphenyl  phosphite  was  not  found.  Environmental 
releases  during  the  production  of  the  chemical  are 
believed  to  be  slight. 

Few  human  toxicity  data  have  been  reported 
for  triphenyl  phosphite.  The  chemical  produces 
slight  skin  irritation  and  sensitization  when  applied 
dermally.  However,  experimental  animals  exposed 
to  triphenyl  phosphite  have  exhibited  effects  on 
the  nervous  system.  The  clinical  neurotoxic 
symptoms,  characterized  by  tremors, 
hyperexcitability,  and  incoordination,  were 
accompanied  by  pathological  changes  involving 
the  spinal  cord  and  peripheral  nerves. 

Limited  data  indicate  that,  in  the  environment, 
triphenyl  phosphite  may  interact  synergistically 
with  insecticides  and  may  be  toxic  to  plants. 


1066 


Additional  information: 


Telephone  (615)  574-4192;  FTS  624-4192 


Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 


R.  A.  Faust  et  al.,  Chemical  Hazard  Information  Profile  of 
Triphenyl  Phosphite,  ORNL-6347,  Oak  Ridge  National 
Laboratory  (December  1986). 
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Electron  Microscope  Visualizes  Metastasizing  Tumor 
Cells 


The  special  penetrating  capabili- 
ties of  the  high-voltage  electron 
microscope  (HVEM)  allow  re- 
searchers to  see  tumor  cells  in 
the  act  of  metastasizing.  Elec- 
tron micrographs  taken  by  Dr. 
Min  Song  of  the  High-Voltage 
Electron  Microscope  Biological 
Facility  for  the  East  at  the  New 
York  State  Department  of 
Health  in  Albany  show  cells 
from  a  rat  mammary  tumor 
strain  in  the  actual  process  of 
invading  blood  vessels,  the  crit- 
ical first  step  in  the  formation  of 
a  cancer  metastasis.  This  work 
will  help  in  developing  better 
tests  that  use  the  number  of 
neoplastic  cells  found  in  the 
blood  to  predict  which  patients 
are  at  higher  risk  of  developing 
metastases. 

Dr.  Song  and  her  colleagues 
are  attempting  to  adapt  for  hu- 
man use  the  techniques  devel- 
oped in  studies  of  rats  for  locat- 
ing and  quantifying  tumor  cells 
in  blood  vessels.  Finding  tumor 
cells  is  difficult  in  humans,  says 
Dr.  Donald  F.  Parsons,  a  col- 
league of  Dr.  Song's.  "The 
number  of  circulating  cells  is 
very  low  in  almost  all  cases  in 
humans.  We're  talking  about 
somewhere  between  1  and  100 
tumor  cells  per  milliliter,"  he 
says.  "We  now  have  a  rat  with 
more  circulating  tumor  cells 
than  that,  so  I  think  it  will  be 
possible  to  tune  up  the  tech- 
nique for  use  in  humans." 

This  sort  of  detection  proce- 
dure, Dr.  Parsons  suggests, 
would  be  especially  valuable 
during  mastectomy  surgery, 
when  cutting  into  neoplastic 
breast  and  lymph  tissue  intro- 
duces a  risk  of  releasing  tumor 
cells  into  the  circulation  in  sub- 
stantial numbers.  "If  we  can 
tune  up  the  technique  and  de- 
tect tumor  cells,  then  we  can  tell 
surgeons  just  how  many  cells 
are  being  released  during  sur- 
gery," he  says.  Additionally, 
the  technique  could  be  applied 


broadly  to  all  stages  of  the  dis- 
ease process.  "By  detecting  an 
especially  high  number  of  cir- 
culating cells  we  could  tell 
when  a  patient  is  at  elevated 
risk  due  to  a  particular  phase  of 
tumor  growth  or  some  kind  of 
manipulation  or  treatment.  I 
think  that  that  is  reallv  basic 
information,"  Dr.  Parsons  says. 
There  is  some  controversy 
about  the  identity  of  the  en- 
zyme that  allows  a  tumor  cell  to 
create  a  gap  in  the  endothelium. 
"Older  work  placed  a  lot  of 


Light  microscopic  view  of  a 
migrating  tumor  cell  (arrow) 
constricting  as  it  passes  through 
a  gap  in  the  endothelium  (En)  of 
a  venule. 


emphasis  on  lysosomal  en- 
zymes in  all  tvpes  of  cell  inva- 
sion," savs  Dr.  Parsons.  "But 
lymphocytes  invade  more  read- 
ily through  blood  vessels  and 
into  tissue  than  tumor  cells  do; 
and  in  cytochemical  studies 
using  electron  microscopy,  you 
see  no  sign  of  lysosomal  action. 
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Taken  using  a  high-voltage 
electron  microscope,  this  view 
Shows  the  penetration  of  two 
mammary  tumor  cells  (arrows) 
through  holes  in  the  elastic 
reticulum  (El)  of  a  hepatic  vein 
Both  cells  are  stained  darkly  and 
show  extreme  constriction.  In 
this  view,  R  indicates  a  red 
blood  cell.  P.  platelet;  L.  lumen 
of  the  hepatic  vein,  including 
clots  and  cell  fragments:  C, 
collagen:  Li.  lipid. 


We  now  suspect  that  surface- 
bound  proteases  are  involved." 

But  before  a  tumor  cell  can 
travel  through  the  body,  it  must 
first  detach  from  the  primary 
tumor  mass  in  some  way.  "Nor- 
mally the  cells  in  a  tissue  are 
joined  by  gap  junctions  that 
allow  the  free  flow  of  low- 
molecular-weight  molecules  and 
ions  between  all  the  cells  in  the 
tissue.  That's  how  the  tissue 
manages  to  regulate  itself.  At 
the  moment  it's  thought  that  if 
a  tumor  cell  undergoes  an  initial 
change,  nothing  will  happen  as 
long  as  those  junctions  are  pres- 
ent because  normal  products 
will  continue  to  circulate  into 
the  transformed  cell  and  main- 
tain it,"  Dr.  Parsons  explains. 
"So  probably  the  key  step,  the 
first  step  in  metastasis  is  that 
the  gap  junctions  become  closed 
or  are  absent,  and  communica- 
tion with  adjacent  cells  stops. 
This  enables  the  cells  to  multi- 
ply and  form  an  independent 
clone." 

Descriptions  of  migrating 
tumor  cells  often  sound  as  if 
these  cells  were  independent 
travelers,  possessed  of  some 
sort  of  rudimentary  will.  Dr. 
Parsons  explains  that  in  fact  the 
motility  of  tumor  cells  is  simply 
a  consequence  of  their  inde- 
pendence from  a  tissue  context: 
"All  independent  cells  seem 
able  to  move.  I  don't  think  that 


anything  special  is  needed  to 
explain  why  these  cells  migrate." 
However,  most  tumor  cells 
do  not  have  the  capacity  to 
overcome  all  of  the  obstacles  to 
the  establishment  of  a  meta- 
stasis, notes  Dr.  Song.  The  type 
of  cell  that  can  invade  a  blood 
vessel  looks  distinctive:  "This 
invading  cell  is  really  striking:  it 
stains  very  darkly.  Only  one  or 
two  very  specific  cells  are  strong 
enough  to  penetrate  through  to 
the  blood  vessel  lumen  and 
then  survive  to  establish  meta- 
stases." The  heterogeneity  of 
the  cell  population  within  a 
tumor  is  what  makes  it  possible 
for  the  critical  cell  or  two  to  pos- 
sess the  characteristics  that 
make  metastasis  possible. 
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Natural  Flow  Cytometry  and  Sorting  Research  Resource 


Quantitative  analyses  of  cell 
properties  can  be  obtained  by 
using  the  flow  cytometric  instru- 
ments available  at  the  National 
Flow  Cytometry  and  Sorting  Re- 
search Resource  (NFCR)  lo- 
cated at  the  Los  Alamos  Na- 
tional Laboratory,  New  Mexico. 

With  these  instruments,  cells 
and  subcellular  components  can 
be  analyzed  and  sorted  at  rates 
faster  than  before.  The  facility 
currently  has  the  following 
unique  capabilities:  chromo- 
some pulse  shape  analysis  and 
sorting,  high  resolution  analysis, 
high-speed  sorting,  and  multi- 
laser  excitation  systems. 

Researchers  in  several  fields 
—  immunology,  cell  biology, 
cytogenetics,  gerontology,  tu- 
mor biology,  and  parasitology  — 
may  benefit  from  using  this 
equipment,  according  to  NFCR 
director  Dr.  Scott  Cram.  The 
facility,  which  receives  funding 
from  the  Biomedical  Research 
Technology  Program  of  the  NIH 
Division  of  Research  Resources 
as  well  as  the  Department  of 
Energy,  serves  the  scientific 
community  in  several  ways,  he 
says.  For  example,  collaborative 
research  projects  are  conducted 
between  resource  staff  mem- 
bers and  investigators  at  other 
institutions.  The  NFCR  also  pro- 
vides routine  analytical  meas- 
urements for  researchers  in- 
volved in  short-term  investiga- 
tions, and  scientists  requiring 
sophisticated  flow  cytometric 
instrumentation  are,  upon  re- 
quest, able  to  use  the  NFCR 
facilities.  Through  in-house  core 
research,  new  instrumentation 
capabilities  and  biological  tech- 
niques are  developed  in  support 
of  user  needs.  In  addition,  stu- 
dents, postdoctoral  appointees, 
and  other  scientists  can  take 
advantage  of  training  programs 
designed  to  teach  the  operation 
and  application  of  flow  cyto- 
metric instrumentation. 


Carleton  C.  Stewart,  Ph.D.,  (left) 
and  Robert  C.  Habbersett,  B.S., 
use  the  National  Flow  Cytometry 
Resource  multiparameter  flow 
cytometer  to  study  proliferation 
and  differentiation  of  mononu- 
clear phagocytes. 

Instrumentation  available  to  the 
biomedical  community  includes  a 
multiparameter  flow  cytometer,  a 
chromosome  high-resolution 
imaging  sorter  (CHRIS),  a  high- 
speed sorter,  an  EPICS  V,  a 
FACS  II,  and  a  Fourier  transform 
flow  cytometer.  The  CHRIS  pro- 
vides low-resolution  imaging  in 
flow  for  detecting  aberrant  chro- 
mosomes and  can  sort  chromo- 
somal material  on  the  basis  of 
morphologic  data.  Chromosome 
sorting  also  can  be  accom- 
plished with  the  dual-laser 
EPICS  V.  The  FACS  II  also  pro- 
vides dual-laser  excitation,  but  it 
can  be  used  to  sort  large  parti- 
cles. The  high-speed  sorter  is 


designed  for  high-speed  chro- 
mosome sorting  and  features 
laser-monitored  droplet  charg- 
ing. The  Fourier  transform  flow 
cytometer  can  perform  multi- 
spectral  analysis  on  individual 
cells. 

According  to  Dr.  Cram,  the 
most  important  instrument  at  the 
NFCR  is  the  multiparameter  flow 
cytometer  (MPFC),  a  computer- 
based  machine  that  permits 
measurement  and  sorting  by 
eight  parameters,  including 
Coulter  volume,  five  colors  of  flu- 
orescence, small-  or  wide-angle 
light  scatter  (0.5°  to  2.0°  or  90°, 
respectively),  axial  light  loss, 
and  time  as  a  parameter  for  ki- 
netic measurements.  The  MPFC 
analyzes  and  sorts  cells  via  sev- 
eral electronic  and  optical  proc- 
esses. Cells  (either  viable  or 
fixed)  stained  with  multiple  fluo- 
rochromes  are  measured  se- 
quentially as  they  pass  through 
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an  electronic  cell-volume  sensor 
and  intersect  up  to  three  spa- 
tially separated  laser  beams  of 
different  wavelengths,  the  NFCR 
director  explains.  An  argon-ion, 
krypton-ion,  and  dye  laser  pro- 
vide excitation  from  ultraviolet 
through  infrared  wavelengths. 
Parameters  such  as  narrow 
angle  light  scatter  and  multicolor 
fluorescence  signals  are  meas- 
ured on  a  cell-by-cell  basis. 
Sorting  can  proceed  at  a  rate  of 
up  to  2,000  cells  per  second. 

Other  features  of  the  MPFC 
include  a  PD-1 1/83  microcom- 
puter with  2  megabytes  of  mem- 
ory, a  71  megabyte  Winchester 
disk  drive,  and  a  95  megabyte 
tape-storage  unit.  An  NDS 
graphics  terminal  and  a  laser 
printer  have  been  added  to  the 
system.  The  MPFC  is  also  being 
upgraded  to  sort  cells  in  four 
directions.  The  electronics  for 
the  new  sorting  system  have 
already  been  developed,  Dr. 
Cram  notes.  The  system  will 
have  four  channels  for  sorting 
cells  at  two  levels  to  the  left  and 
two  levels  to  the  right,  he  says. 
(Most  flow  cytometers  are  only 
capable  of  two-way  sorting.)  A 
"pure  sort"  feature  will  abort 
sorting  activities  if  they  occur  too 
close  to  the  separation  of  cells 
that  do  not  meet  the  sorting  cri- 
teria. 

The  MPFC  system  also  in- 
cludes software  that  can  corre- 
late physical  and  biological  pro- 
perties of  cells.  The  simultan- 
eous measurement  of  several 
parameters  using  a  flow  cytome- 
ter  permits  "the  resolution  of  dis- 
tinct cellular  subpopulations  as 
well  as  the  discovery  of  new  cell 
populations  that  have  similar 
features,"  Dr.  Cram  says.  NFCR 


researchers  have  incorporated 
four  model  systems  in  their  ap- 
proach in  order  to  answer  spe- 
cific structure-function  questions 
in  cell  biology:  leukocyte  dif- 
ferential counts,  differentiation  of 
myeloid  leukemia,  differentiation 
of  normal  murine  (mouse)  mye- 
loid cells,  and  isolation  of  leu- 
kocytes that  infiltrate  tumors. 

The  development  of  an  assay 
that  can  perform  leukocyte  dif- 
ferential counts  (separate  lym- 
phocytes, granulocytes,  and 
monocytes)  on  a  single  sample 
of  human  peripheral  blood  was 
achieved  using  Coulter  volume, 
90°  light  scatter,  and  a  combina- 
tion of  four  fluorescent  anti- 
bodies. Antibody  phenotyping 
and  the  degree  of  aneuploidy  in 
human  myeloid  leukemias  have 
been  determined  using  the 
MPFC.  Cell  volume,  fluorescent 
staining,  and  antibody  binding 
capabilities  of  cells  helped  re- 
searchers to  distinguish  viable, 
normal  diploid  cells  from  nonvia- 
ble leukemic  aneuploid  cells  of 
human  patients.  Such  analysis 
can  assist  in  directing  chemo- 
therapy, Dr.  Cram  says,  as  multi- 
plying or  dying  subpopulations 
of  cells  are  identified  and  enu- 
merated. 

The  NFCR  researchers  have 
also  studied  the  growth  of  vari- 
ous cell  populations  associated 
with  normal  mouse  bone-marrow 
tissue.  Following  incubation  with 
interleukin-3,  cultured  bone-mar- 
row cells  were  stained  with  three 
fluorescent  antibodies,  and  the 
amount  of  stain,  cell  volume, 
and  wide-angle  light  scattering 
properties  were  determined. 
Using  these  simultaneously 
measured  parameters,  stages  of 
cell  differentiation,  commitment, 


and  maturity  could  be  tracked 
with  the  MPFC.  In  examining  leu- 
kocyte infiltration  of  mouse 
EMT6  tumors,  the  investigators 
again  used  antibody  stains,  vol- 
ume, and  light  scatter  to  identify 
specific  macrophage,  granu- 
locyte, and  T  and  B  cell  popula- 
tions in  tumor  cell  suspensions. 
With  this  approach  NFCR  scien- 
tists were  also  able  to  dis- 
tinguish between  the  DNA  of 
normal  and  tumorigenic  cells. 

A  great  deal  of  the  research 
conducted  and  the  methodology 
developed  at  the  NFCR  has 
arisen  from  collaborative  re- 
search, Dr.  Cram  notes.  For 
example,  metabolic  drug  re- 
sponse mechanisms  have  been 
studied  via  three-laser  excitation 
measurements  of  DNA,  RNA, 
and  protein  content,  and  binding 
kinetics  of  cellular  degranulation 
and  cellular  NADPH  response  to 
chemotactic  factors  have  been 
investigated  by  using  the  capa- 
bilities of  the  MPFC  to  analyze 
the  parameters  of  time  (kinetic 
binding),  electronic  cell-sizing, 
and  interactions  of  antibody  with 
cell-surface  antigens.  Another 
project  derived  from  collabora- 
tive efforts  involves  building  a 
library  or  data  base  of  informa- 
tion that  relates  specific  genetic 
mutations  in  murine  cell  lines  to 
sorting  parameters  measured  by 
flow  cytometric  instrumentation. 


For  more  information  on  the 
NFCR,  contact: 
Dr.  Scott  Cram,  Director 
National  Flow  Cytometry 
Resource 

Los  Alamos  National  Laboratory 
Los  Alamos,  NM  87545 
Telephone:  (505)  667-2750 
(505)  667-2890 
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Game  Provides  Cross-Cultural  Training 


How  do  you  feel  as  a  visitor  in  a 
foreign  culture?  How  do  you  feel 
about  foreign  visitors  in  your  own 
culture?  A  cross-cultural  simu- 
lation game  to  help  address  these 
questions  was  developed  at  the 
Navy  Personnel  Research  and 
Development  Center,  San  Diego, 
California.  BAFA  BAFA  (pro- 
nounced ba-fah')  was  developed 
originally  for  Navy  trainers  to 
provide  cross-cultural  preparation 
for  people  about  to  be  deployed 
overseas. 

Now  available  commercially 
and  widely  used,  the  game  intro- 
duces the  notion  of  cultures,  then  a 
discussion  follows  with  analysis  of 
specific  cultures  and  the  way  they 
are  formed.  Probably  the  most 
unique  feature  of  BAFA  BAFA  is 
that  the  interest  and  involvement 
reaches  a  climax  in  the  discussion 
after  the  simulation,  rather  than 
during  the  simulation  itself.  Dur- 
ing the  discussion,  the  mysteries  of 
each  of  the  cultures  are  unraveled 
and  the  participants  compare  per- 
ceptions of  another's  culture. 


The  simulation  can  be  played 
in  one  50-minute  period  and 
discussed  the  next.  However,  it  is 
best  to  allow  one  and  one-half 
hours  for  playing  the  game  and  a 
half  hour  minimum  for  discussion. 
The  game  needs  to  be  played  with 
at  least  eight  participants  per 
culture  and  would  probably 
become  unmanageable  with  more 
than  40.  With  the  exception  of  two 
cassette  players  and  a  chalkboard 
or  newsprint  pad,  the  commercial 
kit  includes  everything  needed  to 
play.  Approximately  30  to  40 
minutes  preparation  time  is 
needed  before  the  simulation  can 
begin. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130605/TN 
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Technology  Application 


Oak  Ridge  National  Laboratories 


BASIC  STUDIES  OF  GASES  FOR  FAST  SWITCHES 


Key  words:  Fast  switches;  diffuse  discharge 
switches;  pulsed-power  technology;  energy 
transfer;  repetitive  switches 


Researchers  in  the  Health  and  Safety  Research 
Division  at  ORNL  are  conducting  research  into  the 
identification  and  optimization  of  fast  gas 


mixtures  for  use  in  diffuse-discharge  switches. 
With  the  opening  or  closing  of  these  switches, 
electrical  energy  can  be  stored  at  a  slow  rate 
(storage  times  of  milliseconds  to  seconds)  in 
either  a  capacitive  or  an  inductive  storage 
medium  and  then  rapidly  and  repeatedly 
transferred  (transfer  times  from  nanoseconds  to 
microseconds)  to  a  load  (Fig.  1).  The  gases  of 
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Fig.  1.  An  inductive  energy  storage  circuit  operates  in  two  stages.  (1)  In  the  conducting  stage,  switch  S,  is 
closed  (conducting)  via  a  diffuse  discharge  sustained  by  ionizing  the  gas  mixture  with  either  a  laser  or  an 
electron  beam;  switch  S,  is  open.  The  current  /„  flows  through  the  storage  inductor  Lg.  (2)  In  the  transferring 
stage,  at  time  f  =  0,  the  ionization  is  stopped,  opening  S,    ^  is  closed  simultaneously,  and  the  energy 
stored  in  Ls  is  transferred  to  load  ZL  on  a  time  scale  of  the  order  of  50  ns. 
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interest  include  CF  3  OCF  3 ;  SiF  a ;  BF  3 ;  the 
perfluoroalkanes  CF  „ ,  C  2  F  6 ,  and  C  3  F  8 ;  and 
n-CuF10in  gas  mixtures  with  a  more  abundant 
buffer  gas  composed  of  either  Ar  or  CH  „ . 
Research  about  the  properties  of  these  gases  is 
crucial  to  understanding  (1)  the  mechanisms 
limiting  the  rapid  recovery  of  the  dielectric 
properties  of  the  gas  mixture  after  the  switch  has 
opened  and  (2)  the  operation  of  the  switch  at  a 
high  repetition  rate  and  at  elevated  gas 
temperatures. 

The  perfluoroalkane  molecules  are  of 
considerable  fundamental  interest  because  of  their 
unique  electron-attaching  and  electron-scattering 
properties  and  because  of  their  potential  use  in 
several  applied  areas.  For  example,  they  have 
been  studied  for  use  as  high-voltage  gaseous 
insulators  in  compressed-gas-insulated 
substations,  switchgear,  and  transmission  lines.  A 
use  has  been  found  for  CF  „  as  an  additive  in  gas 
mixtures  for  ionizing-radiation  detectors.  In 
addition,  a  very  recent  application  of 
perfluoroalkanes  has  been  in  the  area  of  plasma 
etching:  low-pressure  gas  discharges  are  used  to 
etch  micron-sized  features  into  substrates  for  use 
in  a  variety  of  semiconductor  devices. 


The  perfluoroalkanes  under  study  at  ORNL 
exhibit  very  desirable  characteristics  for  use  in 
externally  sustained  diffuse-gas  discharge 
switches  for  a  wide  range  of  pulsed-power- 
technology  applications.  These  applications 
include  inertial  fusion  confinement,  nuclear-event 
simulation,  electromagnetic  mass  drivers, 
charged-particle-beam  accelerators,  and  high- 
power  electrical-discharge  lasers. 


Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

L.  G.  Christophorou  and  S.  R.  Hunter,  Basic  Studies  of 
Gases  for  Fast  Switches,  ORNL/M-322,  Oak  Ridge  National 
Laboratory  (February  1987). 

S.  R.  Hunter,  J.  G.  Carter,  and  L.  G.  Christophorou, 
"Electron  Transport  Studies  of  Gas  Mixtures  for  Use  in 
e-Beam  Controlled  Diffuse  Discharge  Switches,"  J.  Appl. 
Phys.  58  8,  3001-15  (October  15,  1985). 
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Technology  Application 


Oak  Ridge  National  Laboratories 


TREATMENT  OF  SOLVENT  EXTRACTION  SOLVENTS 
WITH  ACTIVATED  ALUMINA 


Key  words:  Solvent  extraction;  solvent 
treatment;  purification;  hazardous  material; 
radioactive  material;  Purex  process;  activated 
alumina 


Solvents  used  in  solvent  extraction  become 
contaminated  by  chemical  degradation  and,  when 
used  with  radioactive  materials,  by  radiation 
damage.  Specifically,  the  solvent  used  in  the 
Purex  process  [tri-n-butyl  phosphate  (TBP)]  is 
degraded  by  reactions  with  nitric  acid  and  by 
radiation  to  give  two  classes  of  impurities:  those 
that  can  be  removed  by  treatment  with  sodium 
carbonate  solutions  (used  in  virtually  all  Purex 
plants)  and  those  that  cannot.  Those  that  cannot 
be  removed  have  long  organic  chains  and  are  not 
readily  transferred  to  an  aqueous  treatment 
solution.  If  these  materials  are  not  removed,  the 
operation  of  the  plant  slowly  degrades  until  it 
becomes  advantageous  to  replace  the  solvent. 
However,  the  cost  of  solvent  disposal  and 
replacement  is  relatively  high  because  the  solvent 
will  likely  be  regarded  as  mixed  (hazardous  and 
radioactive)  waste.  The  use  of  secondary  cleanup 
methods  developed  at  ORNL  allows  continued 
use  of  the  solvent. 

Using  solvent  samples  from  the  Savannah 
River  Plant  and  the  Idaho  Chemical  Processing 
Plant,  a  team  of  ORNL  researchers  has 
demonstrated  that  activated  alumina  can  treat 
large  quantities  of  Purex  solvent  and  return  it  to 


essentially  new  condition.  The  process  was 
tested  further  at  the  Savannah  River  Plant  in 
cooperation  with  plant  personnel  without 
interfering  with  the  ongoing  plant  operations.  This 
process  was  used  in  the  secondary  cleanup  of 
16,000  gal  of  20-year-old  solvent  containing  7% 
TBP.  A  simple  sidestream  passing  though  a 
30-gal  pot  of  activated  alumina  was  used 
(Fig.    1).  The  activated  alumina  was  replaced 
when  the  interfacial  tension  of  the  incoming 
stream  vs  dilute  sodium  carbonate  solution  was 
the  same  as  that  exiting  the  pot. 
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Fig.  1.  Cross  section  of  the  activated-alumina  column 
used  at  the  Savannah  River  Plant. 
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The  cleanup  required  1 50  gal  of  activated 
alumina  (Kaiser  A-2;  8-14  mesh).  Total  cost  was 
$12,000  for  both  the  activated  alumina  and  the 
design,  fabrication,  and    operation  of  the 
treatment  system.  The  higher  solubility  of  water 
in  30%  TBP  solvents  dictates  drying  of  the 
solvent  before  the  secondary  cleanup  operation; 
the  water  uses  up  a  significant  fraction  of  the 
capacity  of  the  activated  alumina.  This  drying  can 
be  done  conveniently  by  contacting  the  solvent 
with  warmed,  dry  air. 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 


J.  C.  Mailen  and  0.  K.  Tallent,  Cleanup  of  Savannah  River 
Plant  Solvent  Using  Sorbents,  ORNL/TM-9256  (April  1985). 

J.  C.  Mailen  and  0.  K.  Tallent,  "Solvent  Cleanup  and 
Degradation:  A  Survey  and  Recent  ORNL  Results," 
pp.  1-434*-  1-450  in  Fuel  Reprocessing  and  Waste 
Management,  proceedings  of  the  American  Nuclear  Society 
topical  meeting  at  Jackson,  Wyo.,  August  26-29,  1984, 
American  Nuclear  Society,  Inc.,  La  Grange  Park,  III., 
November  1984. 

J.  C.  Mailen,  "Secondary  Cleanup  of  Idaho  Chemical 
Processing  Plant  Solvent,"  Sep.  Sci.  &  Technol.,  22, 
335-45  (1987). 

"Secondary  Cleanup  Method  for  Purex  Process  Solvent," 
Bulletin  No.  498,  Technology  Applications  Bulletins,  Oak 
Ridge  National  Laboratory. 
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Technology  Application 


Oak  Ridge  National  Laboratories 


TWO-POT:  A  SIMPLIFIED  PROCESS  FOR  THE  EXTRACTIVE 
DISTILLATION  OF  NITRIC  ACID 


Key  words:  Nitric  acid;  magnesium  nitrate; 
extractive  distillation;  solvent  recovery; 
radioactive  materials 


The  use  of  high-strength  (~95  wt  %)  nitric 
acid  (HNO  3 )  is  currently  planned  to  remove  iodine 
during  off-gas  scrubbing  operations  at  proposed 
nuclear-fuel-reprocessing  operations.  High- 
strength  HNO  3  can  be  produced  by  recycling  and 
concentrating  available  lower-strength  HNO  3 
streams.  However,  concentration  by  simple 
distillation  is  limited  by  the  existence  of  an 
azeotrope  at  an  HNO  3  concentration  of 
—68.5  wt  %. 

High-strength  HNO  3  is  currently  manufactured 
commercially  by  extractive  distillation  using 
magnesium  nitrate  [Mg(NO  3 )  2  ]  as  a  solvent. 
Current  commercial  processes  either  use  high 
pressure  or  are  thought  to  be  too  complicated 
for  the  long-term,  reliable  operation  necessary  in 
a  shielded  radioactive  environment  or  for 
operation  on  a  small  scale.  Researchers  in 
ORNL's  Fuel  Recycle  Division  have  developed  a 
simplified  version  of  commercial  methods  for  on- 
site  recycling  of  HNO  3  solutions.  This  "two-pot" 
extractive  distillation  method  simplifies  the 
atmospheric-pressure  process  for  HNO  3  beyond 
the  azeotrope  concentration. 

Commercial  processes  generally  involve  one  or 
two  distillation  towers,  one  or  two  reboilers,  a 


pump,  and  several  meters  of  solvent-transport 
lines  that  require  heating  and  associated 
condensation  equipment.  In  a  typical  column-type 
extractive  distillation  process  for  HNO  3 
concentration  using  Mg(N03)2  as  the  solvent, 
the  feed  acid  is  injected  along  with  the  recovered 
solvent  into  the  bottom  of  the  rectification  zone. 
The  acid  vapors  produced  from  this  contact  are 
subjected  to  further  rectification  to  produce  the 
desired  quality  of  distillate  product.  Nitric  acid  is 
progressively  removed  from  the  solvent  solution 
in  the  stripping  zone  with  a  final  stripping 
operation  in  the  reboiler. 

The  two-pot  process  consists  of  two  major 
vessels:  (1)  an  extractive  distillation  pot,  where 
high-strength  acid  is  produced  from  contact  of 
feed  acid  and  Mg(NO  3 )  2  solvent  and  (2)  a 
solvent  recovery  pot,  where  the  solvent  is 
regenerated  for  recycle  and  reuse  (Fig.   1).  In  this 
process,  the  contact  of  57  to  68  wt  %  HN03 
with  a  boiling  solution  of  ~70  wt  %  Mg(N03)2 
that  is  essentially  free  of  HNO  3  is  used  to 
produce  a  hyperazeotropic  vapor  of  ~80  to 
99    wt  %  HNO  3 ,  depending  on  the  ratio  of  acid 
to  solvent  feeds.  Both  of  the  process  vessels 
require  no  internal  equipment  other  than  a 
submerged  feed  injection  line.  A  pump  and  rather 
short  transfer  lines  between  the  vessels  and 
associated  condensation  equipment  complete  the 
system. 
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Fig.  1.  A  complete  two-pot  system,  which  provides  further  rectification  of  the  HN03  and  stripping  of  the 
weak  acid  to  produce  products  of  95  wt  %  HNO  3  and  water. 
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Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

R.  T.  Jubin  et  al.,  TWOPOT:  A  Computer  Model  of  the 
Two-Pot  Extractive  Distillation  Concept  for  Nitric  Acid, 
ORNL/TM-9241  (May  1985). 


R.  M.  Counce  et  al.,  The  Extractive  Distillation  of  Nitric  Acid 
Using  the  Two-Pot  Concept,  ORNL/TM-7982  (December 
1982). 

P.  C.  Campbell,  T.  P.  Griffin,  and  C.  F.  Irwin,  Use  of 
Extractive  Distillation  to  Produce  Concentrated  Nitric  Acid, 
ORNL/MIT-325  (April  1981). 


NBS   technology   update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburq,  MP  20899 

Database  on  Engineering  Properties  of 
Hydrocarbons 


A  new  database  for  calculating  viscosity,  density,  and  other  important 
engineering  property  data  of  hydrocarbons— natural  gas,  petroleum,  and 
organic  materials,  including  mixtures  of  fluids— has  been  developed  by 
the  National  Bureau  of  Standards  (NBS). 

The  new  DDMIX— Mixture  Property  Program  was  prepared  as  a  part  of 
a  research  project  sponsored  by  an  industry  consortium  of  petroleum, 
chemical,  and  gas  processing  firms. 

The  DDMIX  database  is  designed  to  provide  rapid  access  to  important 
information  on  the  storage  and  transportation  of  fluids,  and  for  the  design 
of  new  chemical  processes.     It  is  available  on  a  floppy  disk  for  personal 
computers. 

The  program  allows  users  to  calculate  quickly  various  thermodynamic  and 
transport  properties  of  fluid  mixtures.     These  mixtures  can  be  selected 
from  any  of   17  possible  pure  components  such  as  carbon  dioxide,  methane, 
ethane,  nitrogen,  oxygen,  and  heavier  hydrocarbons  such  as  hexane  and 
heptane. 

The  DDMIX  program  also  is  designed  to  allow  users  to  calculate,  for  any 
specified  mixtures,  saturation  properties  such  as  dew  and  bubble  point 
pressure,  and  the  thermophysical  properties  of  the  mixtures  at  the 
saturation  points. 

In  addition,  DDMIX  can  be  used  to  perform  isothermal  flash  calculations 
that  provide  an  estimate  of  the  fractions  of  the  mixture  that  are  in  the 
vapor  and  liquid  phases  and  the  compositions  and  properties  of  those 
phases.     The  properties  that  are  calculated  include  density,  enthalpy, 
entropy,  heat  capacity,  sound  velocity,  viscosity,  and  thermal  conductivity. 
The  program  also  can  be  used  to  develop  tables  of  the  density,  enthalpy, 
entropy,  and  heat  capacity  of  fluids  as  a  function  of  temperature,  pressure, 
and  composition. 

It  is  noted  that  the  tabular  data  can  be  particularly  useful  for  shippers 
involved  in  the  storage  and  transportation  of  fluids.     He  explains  that 
information  on  the  density  of  materials  is  used  to  calculate  weight 
which  determines  the  price  of  gas  and  hydrocarbon  mixtures  through 
pipelines.     "DDMIX  can  be  an  important  tool  in  custody  transfer  trans- 
actions to  hf.l»j  ensure  equity  in  the  marketplace,"  Chase  says. 
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The  new  easy-to-use  computer  program  has  been  designed  as  a  companion 
to  other  standard  reference  databases  on  industrial  fluids  that  are  available 
from  the  bureau.     These  databases  include  TRAPP,  (NBS  Standard  Reference 
Database  4  on  the  Transport  Properties  of  Hydrocarbon  Mixtures)  and  . 

MIPROPS  (NBS  Standard  Reference  Database  12,  Interactive  Fortran  Pro-  ' 

grams  to  Calculate  Thermosphysical  Properties  of  12  Pure  Fluids). 

FOR  ADDITIONAL  INFORMATION:    DDMIX-Mixture  Property  Program 
(1988),  NBS  Standard  Reference  Database  14,  a  floppy  disk  for  personal 
computers,  is  available  under  a  license  agreement  for  $400  from  the 
Office  of  Standard  Reference  Data,  A323  Physics  Bldg.,  National  Bureau 
of  Standards,  Gaithersburg,  MD  20899;  (301)  975-2208. 
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Unique   Color-Center   Laser   Developed 


Scientists  at  the  Naval 
Research  Laboratory,  Washing- 
ton, D.C.,  have  successfully 
developed  and  demonstrated  a 
broadly  tunable  infrared  color- 
center  laser  that  is  applicable  in 
the  military,  industrial,  and 
scientific  communities. 

Potential  uses  of  color-center 
lasers  for  the  military  include  in- 
frared countermeasures  and 
fiber-optic  communications.  In 
the  scientific  area,  the  laser  can 
be  used  for  molecular  spectro- 
scopy, the  synthesis  of  new 
molecules  and  chemical  puri- 
fication. The  new  lasers  are 
expected  to  have  high  stability, 
high    intensity,    and    broad, 


continuous  tunability  covering  the 
range  from  two  to  four  microns,  the 
broadest  tuning  yet  for  a  color- 
center   laser.      The    laser    uses 
lithium-doped  potassium  iodide 
crystals  that,  though  stored  at 
room    temperature    for    long 
periods,   remain   stable    under 
lasing  conditions. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  130602/TN 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Evaporation  and  Ignition  of  Dense  Fuel  Sprays 


A  simple  theoretical 
model  makes  useful 
predictions  of  trends. 

A  pair  of  reports  presents  a  theoretical 
model  of  the  evaporation  and  ignition  of 
sprayed  liquid  fuel.  The  model  was  devel- 
oped as  part  of  research  in  the  combustion 
of  oil  and  liquid  fuels  derived  from  coal,  tar 
sand,  and  shale  in  a  furnace;  this  work  may 
eventually  contribute  to  an  increase  in  the 
efficiency  of  combustion  and  a  decrease  in 
pollution  generated  by  the  burning  of  such 
fuels. 

The  mathematical  model  of  the  spray  in- 
cludes a  moving  spherical  cluster  of  drop- 
lets of  a  single-component  fuel.  The  drop- 
lets all  have  the  same  diameter  and  are 
uniformly  distributed  throughout  the  clus- 
ter. The  droplets  and  the  cluster  all  move 
together  at  the  same  velocity  through  the 
convective  flow  of  air,  evaporated  fuel,  and 
combustion  products.  Each  droplet  is  con- 
sidered to  be  surrounded  by  a  fictitious 
sphere  of  influence;  the  ensemble  of  these 
closely  packed  spheres  is  the  entire  vol- 
ume of  the  spray.  The  gas  phase  is  consi- 
dered to  be  quasi-steady  with  respect  to 
the  liquid  phase.  The  temperature  within  a 
droplet  is  considered  to  be  a  function  of 
time  and  of  the  radial  position  within  the 
droplet.  (Heat  conduction  is  considered, 
and  internal  circulation  is  ignored.) 

The  temporal  and  spatial  distribution 
of  temperature  within  a  droplet  is  repre- 
sented by  the  classical  equation  for  heat 


conduction,  with  an  external  boundary 
condition  that  relates  the  surface-normal 
temperature  gradients  to  the  rate  of  evapo- 
ration. Next,  the  difference  between  the 
flux  of  fuel  molecules  leaving  and  that  strik- 
ing the  surface  of  the  droplet  is  expressed 
in  terms  of  the  partial  pressures  of  the  mo- 
lecular species,  yielding  an  equation  for 
the  rate  of  evaporation  as  a  function  of  the 
physical  constants  of  the  fuel  and  air,  and 
of  the  temperature  of  the  gas  at  the  sur- 
face of  the  drop;  this  is  a  generalized,  more 
realistic  version  of  the  Clausius-Qapeyron 
equation. 

The  evaporation  of  liquid  from  the  drops 
in  a  quiescent  flow  is  treated  by  applying 
conservation  equations  and  the  ideal-gas 
law  to  the  spray  volume.  The  evaporation 
rate  in  a  convective  flow  is  calculated  from 
the  rate  for  quiescent  conditions,  with 
modifications  for  the  heat-transfer  and 
viscous  effects  of  the  flow  past  each  drop. 

A  critical  parameter  that  affects 
evaporation  is  the  relationship  between  the 
rates  of  evaporation  with  and  without  flow. 
Convective  evaporation  is  modeled  via  a 
Reynolds-number  correlation  between  the 
evaporation  rates  with  and  without  con- 
vection. Unlike  in  all  earlier  versions  of  this 
model,  which  was  valid  only  for  nondilute 
sprays,  the  present  model  is  inherently 
valid  for  both  dense  and  dilute  sprays.  The 
penetration  ratio  is  no  longer  used  to 
calculate  the  evaporation  rate.  Instead,  it 
becomes  a  diagnostic  that  radiates  the 
evaporation  regime  of  the  spray. 


The  ignition  criteria  distinguish  between 
diffusion-controlled  and  convection-con- 
trolled regimes.  A  Damkohler-number  cri- 
terion is  used  to  predict  the  ignition  time  in 
the  diffusion-controlled  regime.  It  is  also 
used  in  the  diffusive/convective  regime,  al- 
though its  validity  there  is  questionable. 

According  to  calculations  made  with  the 
model,  dense  and  very  dense  sprays  be- 
long in  the  diffusive  regime,  and  at  ignition, 
a  single  flame  is  established  around  the  en- 
tire droplet  cluster.  On  the  other  hand,  very 
dilute  sprays  and  single-drop  ignition  fall  in 
the  convection-controlled  regime.  In  the  in- 
termediate regime  of  dilute  sprays,  internal 
cluster  flames  are  postulated  at  ignition. 
The  boundaries  between  the  various  re- 
gimes are  sensitive  to  the  initial  conditions 
and  change  as  a  function  of  time.  By 
changing  initial  conditions,  a  spray  can  be 
made  to  ignite  in  a  different  regime.  Ignition 
appears  to  be  sensitive  to  the  initial  tem- 
peratures of  the  drops  and  of  the  surroun- 
dings, particularly  at  high  temperatures. 

This  work  was  done  by  Josette  Bellan 
and  Kenneth  G.  Harstad  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Analysis  of  Convective  Evaporation  of 
Dense  and  Dilute  Sprays"  and  "Ignition 
of  Non-Dilute  Sprays  in  Convective 
Flows," 
NPO-16954/TN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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IVIASATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Ultrasonic  Determination  of  Recrystallization 

The  state  of  recrystallization  is  easily  identified. 


The  measurement  of  ultrasonic  at- 
tenuation shows  promise  as  a  means  of 
detecting  recrystallization  in  a  metal.  The 
technique  may  be  applicable  to  the  real- 
time acoustic  monitoring  of  thermome- 
chanical  treatments. 

Cold  working  is  a  common  method  of 
strengthening  metals.  With  increased  cold 
work,  strength  increases  up  to  a  limit.  The 
microstructure  of  the  metal  becomes  in- 
creasingly distorted  with  increased  work 
and  exhibits  high  internal  stresses.  These 
residual  stresses  are  detrimental  to  the 
final  structure. 

The  reduction  of  stresses  in  the  material 
is  obtained  by  interrupting  the  cold-working 
process  to  anneal  the  material  through  a 
heating  process.  A  repetitive  process  of 
mechanical  work  followed  by  subsequent 
annealing  at  the  recrystallization  tempera- 
ture yields  a  material  with  optimum  proper- 
ties (small  grains)  and  low  residual  stress- 
es. 

One  complication  in  this  thermome- 
chanical  treatment  is  that  the  recrystalliza- 
tion temperature  varies  with  the  amount  of 
work  in  the  material.  Therefore,  the  re- 
crystallization temperature  must  be  deter- 
mined at  each  step  of  the  treatment  for  op- 
timum results. 

Several  measurable  characteristics  of 
materials  vary  markedly  during  recrystalli- 
zation. Four  of  the  most-common  meas- 
ured characteristics  are  hardness,  strength, 
ductility,  and  changes  in  the  microstruc- 
ture. These  changes  can  be  observed  by 
mechanical  testing  and  by  metallographic, 
diffractive  x-ray,  and  transmission-elec- 
tron-microscopic examination.  Measure- 
ments of  strength,  ductility,  and  micro- 
structural  variations  generally  require 
destructive  tests.  In  addition,  determina- 
tions of  hardness,  strength,  ductility,  and 
changes  in  microstructure  may  show  wide 
scatter,  depending  on  the  techniques  used. 

Ultrasonic  attenuation  was  measured  in 
cold-worked  nickel  200(99.5  +  percent  Ni) 
annealed  at  increasing  temperatures.  Lo- 
calized variations  in  the  density  of  disloca- 


tions, crystalline  order,  and  volume  percent 
of  recrystallized  phase  were  determined 
over  the  range  of  annealing  temperatures 
by  use  of  transmission  electron  micros- 
copy, x-ray  diffraction,  and  metallography. 

The  exponent  of  the  frequency  depend- 
ence of  the  attenuation  has  been  found  to 
be  a  key  variable  that  can  be  used  to  relate 
the  ultrasonic  attenuation  to  the  thermal 
kinetics  of  the  recrystallization  process. 
The  attenuation  as  function  of  frequency 
for  thermomechanically-processed  nickel 
200  is  shown  in  the  figure.  The  onset  and 
completion  of  the  recrystallization  process 
are  easily  identified  and  are  indicated  by 
the  light  shading.  The  state  of  the  re- 
crystallization process  (the  volume  per- 
cent of  the  recrystallized  phase)  can  be 
determined  quantitatively  from  the  attenu- 
ation data  in  the  darker  shaded  region. 

X-ray  metallography  and  analysis  by 
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transmission  electron  microscopy  individ- 
ually cannot  completely  characterize  the 
state  of  the  recrystallization  process.  How- 
ever, the  ultrasonic  attenuation,  being  ex- 
tremely sensitive  to  the  formation  of  small 
scatterers  and  having  a  wide  dynamic 
range  to  large  scatters,  is  a  viable,  nonde- 
structive, and  convenient  method  for  char- 
acterizing the  recrystallization  process. 

This  work  was  done  by  Edward  R. 
Generazio  of  Lewis  Research  Center. 
Further  information  may  be  found  in  NASA 
TM-88855  [N87-10399/NSP],  -Ultrasonic 
Determination  of  Recrystallization." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  [A02] 
LEW-14581/TN 
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Starting  With  Work-Hardened  Material,  one  can  ultrasonically  determine  the  effect  of  an- 
nealing, using  the  correlation  between  ultrasonic  attenuation  and  temperature. 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Brookhaven  National  Laboratory 

Circular  Dichroism  Detector  for  Chromatographic 
Monitoring  of  Optically  Active  Compounds 
Absorbing  in  the  Vacuum  Ultraviolet  Region 


This  invention  is  a  specific  molecular  property  detector  for  monitoring 
optically  active  compounds  which  do  not  absorb  visible  and  ultraviolet 
light.     Some  hydrocarbons  absorb  only  the  vacuum  ultraviolet  radiation. 
This  vacuum  ultraviolet  circular  dichroism  (VUVCD)  detector  is  for 
monitoring  such  compounds  eluting  from  a  gas  chromatograph.     A 
VUVCD  spectrometer  is  a  home-built  instrument  that  uses  VUV  synch- 
rotron radiation  from  the  National  Synchrotron  Light  Source  of  Brook- 
haven  National  Laboratory.     A  temperature-controlled  gas  chromato- 
graphic column  is  directly  connected  to  the  temperature-controlled 
cell  compartment  of  the  VUVCD  spectrometer.     A  capillary  column 
may  be  used  with  the  existing  instrument.     A  conventional  VUV 
radiation  source  may  be  used  in  place  of  VUV  synchrotron  radiation. 

The  direct  connection  of  a  temperature-controlled  gas  chromatographic 
column  to  a  CD  spectrometer  is  new.     In  previously  reported  circular 
dichroism  detectors,  commercial  chromatographs  were  employed.     The 
use  of  a  CD  detector  with  vacuum  ultraviolet  radiation  source  is  new. 

This  is  an  analytical  instrument  which  can  separate,  detect  and  monitor 
optically  active  compounds  from  a  mixture.     The  instrument  also  has 
the  capability  of  specific  monitoring  of  compounds  by  selecting  a  suitable 
wavelength  of  VUV  light. 

This  instrument  can  be  converted  into  a  bench-top  model  by  using  a 
conventional  VUV  light  source  in  place  of  synchrotron  radiation.     However, 
due  to  low  intensity  of  commercial  VUV  lamps,  the  sensitivity  of  the 
analysis  will  be  lower. 

Literature  -  M.A.  Wickramaaratchi,  E.T.  Premuzic,  M.  Lin  and  P. A.  Snyder, 
"Circular  Dichroism  Spectroscopy  Using  Vacuum  Ultraviolet  Synchrotron 
Radiation  From  U9A  Beamline:     Instrument  and  Future  Applications", 
January  1986,  BNL  Informal  Report  #37619. 

M.A.  Wickramaaratchi,  E.T.  Premuzic,  M.  Lin,  "Circular  Dichroism  De- 
tection of  Optically  Active  Compounds  in  Gas  Chromatography  Using 
Vacuum  Ultraviolet  Synchrotron  Radiation",  Journal  of  Chromatography, 
390  (1987)  413-420. 

FOR  ADDITIONAL  INFORMATION:     Contact  Dr.  William  Marcuse,  Head, 
Office  of  Research  and  Technology  Applications,  Bldg.  475-B,  Brookhaven 
National  Laboratory,  Upton,  NY  11973;  (516)  282-2103.     Refer  to  BNL/AA- 
37/TN. 
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Technology  Application 


Oak  Ridge  National  Laboratories 


ATMOSPHERIC-SAMPLING  GLOW  DISCHARGE  IONIZATION  SOURCE 


Key  words:  Mass  spectroscopy;  ion  source; 
environmental  sampling;  polar  compounds 


The  atmospheric-sampling  glow  discharge 
ionization  (ASGDI)  source  is  a  simple  and 
sensitive  means  of  directly  sampling  and  ionizing 
organic  compounds  in  ambient  air  for  subsequent 
analysis  by  mass  spectrometry.  The  ASGDI 
source  consists  of  an  atmospheric  sampling 
aperture,  a  pair  of  parallel  plates  in  the  ionization 
region,  and  an  ion  exit  aperture  (Fig.  1).  It 
operates  in  two  modes,  which  are  based  on 
establishing  a  glow  discharge  in  the  ionization 
region.  In  one  mode,  the  discharge  is  set  up  to 
be  coaxial  with  the  ion-beam  flight  direction  and 
between  two  apertures  (A1  and  A2).  In  the  other 
mode,  the  discharge  is  set  up  to  be  perpendicular 
to  the  ion-beam  flight  direction  and  between  two 
plates  (P 1  and  P2).  In  either  mode,  a  voltage 
difference  between  the  electrodes  of  about 
400   V  is  used,  which  gives  a  discharge  current 
of  several  milliamps. 

An  operating  pressure  between  — 0. 1  to 
1    torr  is  used.  The  diameter  (typically  about 
0.2   mm)  of  the  atmospheric-sampling  aperture 
(A1)    allows  about  5  mL/s  of  air  to  enter  the 
ionization  region.  This  region  is  evacuated  by  a 
1 5-L/s  mechanical  pump.  The  diameter  of  the 
ion-exit  aperture  is  typically  about  0.8  mm.  Gas 
is  drawn  from  the  ionization  region  into  the  mass 
spectrometer  by  a  1000-L/s  pump,  which 
provides  a  vacuum  of  5.0  x   10" 6  torr. 

The  ASGDI  source  has  several  distinct 
advantages  over  other  atmospheric  pressure 
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Fig.  1.  The  ASGDI  device  operates  in  two  modes  to 
ionize  samples  for  spectral  analysis.  The  discharge  can 
be  set  up  to  be  either  (1)  coaxial  with  the  ion-beam 
flight  direction  and  between  apertures  A1  and  A2  or 
(2)   perpendicular  to  the  ion-beam  flight  direction  and 
between  plates  P1  and  P2.  Samples  are  drawn  from 
the  ionization  chamber  through  aperture  A2  into  the 
spectrometer. 

ionization  (API)  sources.  Unlike  some 
commercially  available  API  sources,  the  ASGDI 
source  can  run  for  months  without  cleaning 
(Fig.    2);  it  requires  relatively  low  pumping  rates 
(1000   L/s)  and  uses  normal  air  instead  of 
purified  or  treated  gases.  In  addition,  the  relative 
contributions  of  ionization  by  electron  transfer 
and  by  proton  transfer  can  be  varied  by  changing 
the  magnitude  of  the  discharge  voltage. 
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Fig.  2.  The  ASGDI  source  after  months  of  continuous  operation. 
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The  ASGDI  source  was  developed  to  be  used 
in  general  environmental  monitoring  applications. 
It  can  also  be  used  to  connect  a  process  or 
procedure  to  a  mass  spectrometer  used  as  a 
continuous  monitoring  system.  For  example,  it 
has  been  applied  successfully  as  a  component  in 
an  explosives-sensing  device  (Technology 
Applications  Bulletins,  Bulletin  Number  606). 

The  ASGDI  source  is  well  suited  for  analyses 
of  highly  electronegative  compounds  such  as 
nitroaromatics  and  halocarbons.  For  positive-ion 
analyses,  alcohols  and  alkylaromatic  compounds 
are  especially  well  ionized.  Liquid  samples  can  be 
analyzed  by  injecting  a  few  microliters  into  the  air 
flow;  solids  can  be  analyzed  by  heating  them  in 
the  air  flow. 


Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

S.  A.  McLuckey  et  al.,  Detection  of  Vapors  of  Flammable 
Liquids  in  Air  by  Atmospheric  Sampling,  Mass 
Spectrometry/Mass  Spectrometry  Progress  Report:  March 
21,   1987,  ORNL/TM- 10506,  Oak  Ridge  National  Laboratory 
(August  1987). 

S.  A.  McLuckey  and  G.  L.  Glish,  "A  New  Atmosphere 
Sampling  Ion  Source,"  presented  at  the  35th  ASMS 
Conference  on  Mass  Spectrometry  and  Allied  Topics, 
Denver,  May  24-29,  1987. 

"Explosives  Sensor,"  Bulletin  No.  606,  Technology 
Applications  Bulletins,  Oak  Ridge  National  Laboratory. 


Technology  Application 


Oak  Ridge  National  Laboratories 


CALIFORNIUM-SOURCE-DRIVEN  SUBCRITICALITY  MONITOR 


Key  words:  Radioactive  material;  subcriticality 
monitor;  neutron-noise  analysis 


Researchers  in  ORNL's  Instrumentation  and 
Controls  Division  have  developed  a  monitor  that 
overcomes  some  of  the  difficulties  inherent  in  the 
measurement  of  subcriticality  by  older  methods. 
This  new  monitor  provides  the  nuclear  industry 
with  a  fast,  sensitive,  and  reproducible  method  of 
assessing  the  nuclear  criticality  safety  of  a  variety 
of  configurations  of  fissile  material.  Its  use  can 
improve  safety  and  reduce  operational 
uncertainities  and  costs. 

This  monitor  is  designed  for  monitoring  the 
subcritical  neutron  multiplication  factor  (keff)  in  a 
number  of  situations.  It  can  also  be  used  to 
ensure  safeguards,  quality  control,  and 
accountability  of  nuclear  material,  and  it  has  the 
unique  capability  of  measuring  systems  whose 
/exchanges  rapidly  with  time.  It  is  suitable  for 
the  following  applications: 

•  nuclear  reactors  during  initial  loading,  zero- 
power  testing,  shutdown,  and  refueling; 

•  quality  assurance  testing  of  fuel  elements; 

•  nuclear  fuel  processing  plants  during 
preparation  and  reprocessing; 

•  nuclear  fuel  storage  facilities; 

•  postaccident  situations;  and 

•  verification  of  calculations  where  kgff  <  1 . 


This  device  uses  noise  analysis  techniques  to 
analyze  fissions  induced  in  fissile  material  by 
emissions  from  a  californium  neutron  source.  It 
consists  of  the  262Cf  source  within  an  ionization 
chamber,  a  pair  of  neutron  detectors  with 
associated  signal-processing  electronics,  a  Fourier 
analyzer,  and  a  computer  for  data  processing. 
Typical  locations  of  the  source  and  detectors 
near  a  uranium  (93.2   wt   %  235U)  metal 
cylinder  are  shown  in  Fig.    1.  The  source  inside 
the  ionization  chamber  spontaneously  fissions, 
producing  3.7  neutrons  per  fission.  Fission 
products  produce  electrical  pulses  in  the 
ionization  chamber,  indicating  that  neutrons  have 
been  emitted.  When  these  neutrons  enter  the 
nearby  assembly  of  fissile  material,  they  initiate 
the  fission-chain-multiplication  process.  The 
neutrons  from  the  fissions  produced  in  the  fissile 
material  are  then  detected  by  the  pair  of 
detectors.  The  Fourier  analyzer  obtains  the 
spectral  densities  of  the  signals  from  these 
detectors,  and  then  a  ratio  of  spectral  densities  is 
calculated,  which  is  proportional  to  the  subcritical 
kgff  of  the  configuration  of  materials. 

Commercially  available  monitors  are  useful  for 
a  kgff  of  about  1 ,  which  limits  their  usefulness  to 
monitoring  nuclear  reactors  operating  in  the 
near-delayed-critical  mode.  This  new  monitor  can 
measure  the  subcriticality  of  static  and  dynamic 
systems  that  have  Rvalues  that  range  from 
0.99  to  0.30.  In  some  cases,  measurements  can 
be  made  in  times  as  short  as  10  s.  Further,  this 
new  monitor  does  not  require  that  detection 
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Fig.  1.  Uranium  cylinder  showing  the  location  of  the  detectors  and  the  262Cf  source  chamber. 


efficiencies  and  source-intensity  values  be  known, 
nor  does  it  require  calibration  at  the  critical  state 
(Kgff=   1). 


Additional  information: 

Office  of  Technology  Applications 
Martin  Marietta  Energy  Systems,  Inc. 
P.O.  Box  2008 
Oak  Ridge,  TN  37831-6257 

Telephone  (615)  574-4192;  FTS  624-4192 


J.  T.  Mihalczo  et  al.,  "Cf-Source-Driven  Neutron-Noise 
Measurements  of  Subcriticality  for  a  4.9  wt  %  236U-Enriched 
Uranyl  Fluoride  Solution  Cylinder,"  Ann.  Nucl.  Energy  13  7, 
351-62(1986). 

J.  T.  Mihalczo,  W.  T.  King,  and  E.  D.  Blakeman, 
"Subcriticality  Measurements  for  Coupled  Uranium  Metal 
Cylinders  Using  the  262Cf-Source-Driven  Neutron  Noise 
Analysis  Method,"  Nucl.  Sci.  Eng.  95,  1-13  (1987). 

J.  T.  Mihalczo  et  al.,  "Dynamic  Subcriticality  Measurements 
Using  the  262Cf-Source-Driven  Neutron  Noise  Method," 
pp.    207-8  in  Trans.  Am.  Nucl.  Soc.,  Vol.  54,  American 
Nuclear  Society,  Inc.,  La  Grange  Park,  III.,  1987. 
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Simulating  Instrument 
Helicopter  Takeoffs  and 
Landings 

Advantages  and  disadvan- 
tages of  computer-based 
simulations  are  reviewed. 


A  report  evaluates  the  merits  of  simula- 
tions of  terminal  instrument  procedures 
(TERP's)  for  helicopters.  Currently  ap- 
proved TERP's  for  helicopters  apply  only  to 
airports  having  standard  instrument  land- 
ing system  (ILS)  equipment.  New  TERP's 
are  needed  for  such  nonstandard  landing 
sites  as  offshore  oil  rigs  and  the  tops  of 
buildings  and  mountains.  The  report  re- 
views current  methods  for  the  evaluation 
of  TERP's.  It  discusses  the  feasibility, 
benefits,  and  liabilities  of  the  substitution  of 
electronically  controlled  flight-simulation 
equipment  for  flight  tests. 

The  study  led  to  the  conclusion  that  sim- 
ulation offers  many  advantages  over  flight 
tests  in  the  development  of  new  TERP's. 
Simulation  provides  better  control  of  test 
conditions,  better  quality  and  quantity  of 
data,  increased  safety,  and  greater  flexibili- 
ty in  the  modification  of  tests.  After  the  in- 
itial expenditure  for  equipment,  the  simula- 
tion also  offers  reduced  test  costs  —  as 
low  as  one-tenth  the  cost  of  flight  testing. 


Simulation  also  has  potential  disadvan- 
tages. The  use  of  a  simulator  could  lead  to 
erroneous  or  unwarranted  (and  possibly 
unsafe)  conclusions  because  the  simulator 
may  not  represent  the  real  world  ade- 
quately or  because  it  could  be  misused. 
The  likelihood  of  error  can  be  diminished 
by  following  extensive  tests  on  a  simulator 
with  a  limited  series  of  flight  tests.  This  is 
especially  important  for  the  verification  of 
enhanced  TERP's  standards  for  such  po- 
tentially dangerous  conditions  as  zero  visi- 
bility. 

The  report  recommends  that  flight  simu- 
lators be  used  to  duplicate  previous  heli- 
copter flight  tests  to  verify  that  simulation 
produces  accurate  data.  Such  simulations 
would  also  provide  a  comparison  between 
simple  fixed-base  and  elaborate  moving- 
base  simulators.  The  report  also  recom- 
mends that  mathematical  models  be  devel- 
oped for  low-speed  helicopter  dynamics, 
nonconventional  navigation  sources  and 
guidance  avionics,  data  bases  for  comput- 


er-generated imagery,  and  wind. 

This  work  was  done  by  Anil  V.  Phatak 
and  John  A.  Sorensen  of  Ames  Research 
Center.  Further  information  may  be  found 
in  NASA  CR-1 77408  [N 86-28931 /NSP], 
"Evaluation  of  the  Usefulness  of  Various 
Simulation  Technology  Options  for  TERP's 
Enhancement.  "'[A03] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center 
Refer  to  ARC-11813. 7TN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  C  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Synchronous  Versus 
Asynchronous  Flight 
Control 

Both  types  of  digital 
systems  have  been 
evaluated  in  flight 
and  on  the  ground. 

A  report  compares  synchronous  and 
asynchronous  digital  flight-control  sys- 
tems. It  evaluates  four  different  systems  by 
such  criteria  as  software  reliability,  cost  in- 
creases, and  schedule  delays. 

Flight-control  systems  have  undergone 
a  revolution  since  the  days  of  simple  me- 
chanical linkages.  Today,  the  most  ad- 
vanced systems  are  full-authority,  full-time 
digital  systems  controlling  unstable  air- 
craft. With  such  systems,  an  aircraft  can 
incorporate  aerodynamic  features  that 
boost  performance  and  save  fuel.  The  digi- 
tal control  provides  the  stability  and  han- 
dling characteristics  that  ensure  safe  flight. 

A  key  question,  however,  is  whether  a 
multichannel  digital  control  system  should 
be  synchronous  or  asynchronous.  Each 
channel  in  a  synchronous  system  operates 
at  the  same  point  in  the  software  cycle  at 
any  given  time.  Each  channel  in  an  asyn- 
chronous system  may  be  operating  at  any 
point  in  its  software  cycle;  data  are  passed 
when  available,  and  the  other  channels  re- 
ceive the  data  when  they  are  ready.  Syn- 
chronous systems  are  said  to  be  more  reli- 
able and  to  yield  lower  design  and  testing 
costs.  Asynchronous  systems  are  report- 
ed to  provide  greater  protection  against 
lightning,  electromagnetic  interference, 
and  battle  damage. 

The  report  covers  the  following  sys- 
tems, which  range  from  simple  to  highly 
complex: 

•  A  digital  fly-by-wire  (DFBW)  system  for 
the  F-8  aircraft; 


•  An  asynchronous  resident  backup  soft- 
ware (REBUS)  system; 

•  A  combined  synchronous/asynchronous 
system  for  highly-maneuverable-aircraft- 
technology  (HiMAT)  vehicles;  and 

•  An  asynchronous  advanced-fighter-tech- 
nology-integration (AFTI)  system  for  the 
F-1 6  aircraft. 

The  AFTI/F-16  system  is  complex  in  its 
control  laws  and  management  of  redun- 
dancy. Its  asynchronous  operation  and 
multimode  control  structure  resulted  in  a 
series  of  anomalies  in  both  flight  and 
ground  testing.  The  HiMAT  system,  also 
complex,  was  tested  in  an  integrated  envi- 
ronment that  closely  simulated  the  flight 
environment,  thus  allowing  the  early  detec- 
tion of  potential  problems  so  that  anom- 
alies could  be  minimized.  The  REBUS  sys- 
tem has  a  simple  control  structure  and 
limits  the  data  cross-link  to  avoid  problems 
ordinarily  associated  with  asynchronous 
operation.  The  F-8  DFBW  system,  while 
not  extremely  complex,  nevertheless  was 
compl  icated  enough  to  show  that  for  some 
situations,  a  synchronous  system  may  be 
better  for  complex  systems.  The  F-8 
DFBW  system  avoided  problems  that 
could  have  occurred  and  yielded  a  highly- 
successful,  relatively  trouble-free  test. 

Asynchronous  or  synchronous  opera- 
tion was  not  in  itself  a  determining  factor  in 
the  number  of  anomalies  and  difficulties  in 
testing.  However,  the  complexity  of  a  sys- 
tem can  cause  major  effects  in  terms  of 
anomalies.  A  simple  asynchronous  system 


without  a  complicated  data-cross-link 
structure  may  be  easier  to  develop  than  is 
a  synchronous  system  of  the  same  size.  A 
system  designed  as  an  integrated  system, 
including  all  interactions  and  interfaces,  is 
likely  to  encounter  fewer  difficulties  in  test- 
ing and  operation. 

This  work  was  done  by  Victoria  A. 
Regenie,  Claude  V.  Chacon,  and  Wilton  P. 
Lock  of  Ames  Research  Center.  Further 
information  may  be  found  in  NASA 
TM-88271  [N86-29866/NSP],  "Experience 
With  Synchronous  and  Asynchronous  Dig- 
ital Control  Systems. "  [A03] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11799./TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Use  this  form  ONLY  to  order  reports  designated  as  available  from  NTIS 


MAIL  ORDER  TO: 


National  Technical  Information  Service 
U.S.  DEPARTMENT  OF  COMMERCE 
5265  Port  Royal  Road 
Springfield,  VA  22161 
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Last  Name: 


Title: 
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Address: 


NTIS  PRICE  CODE  SCHEDULE  * 

This  schedule  gives  the  current  values 

to  the  price  codes  cited  in  those  Tech 

Notes  having  a  backup  report  avail- 

able from  NTIS. 

Microfiche 

A01 $6.95 

Paper  copy 

A02 9.95 

A03 12.50 

A04  through  A05.  .  .   14.95 

A06  through  A09  . . .  19.95 

A1 0  through  A1 3...  25.95 

A14  through  A1 7  ...  32.95 

A1 8  through  A21  .  .  .38.95 

A22  through  A25  .  .  .  44.95 

A99 Call  for  price 

Customers  in  Canada,  United  States, 

and  Mexico  use  this  schedule.  Other 

addresses  should  write  for  the  price 

listing,  number  PR-360-4. 

Prices  effective  January  1 ,  1 988 

City/State/Zip: 

Telephone  Number: 

METHOD  OF  PAYMENT 

U  Check  enclosed  payable  to  NTIS  for  $  . . 
LJ  Charge  to  my  NTIS  Deposit  Account,  No: 
D  Purchase  order  number: 


Charge  to:       □  American  Express       DVISA      □  MasterCard 

Card  Number: 

Expation  date: 

Signature: 

(Required  to  validate  order) 

NTIS  ORDER  NUMBER  (Use  only  for  backup  reports  stated  as  available  from  NTIS) 
NTIS  Order  Number  Price*  Quantity  Total  Price 


Shipping  and  handling  fee          $3.00 
Total     
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